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PREFACE 


The construction of a sewerage system involves attention to many 
apparently imimportant details which, if neglected, may materially 
diminish the value of the works. If the alignment and grades are not 
true, there may be places where the velocity of the sewage will be 
checked and deposits of sand and organic matter will occur. These 
not only reduce the capacity of a sewer, but if they remain for some 
time the organic matter decomposes and thus affects injuriously the 
sewage flowing over it, which should reach the place of disposal or treat¬ 
ment as fresh as possible. If the inner surfaces of sewers are not so 
smooth as contemplated by the designer, the resistance to the flow of 
the sewage is increased and the sewers will not have the desired ca¬ 
pacity. In order to avoid these and other defects, the field engineering 
and inspecting force must insist on many things which are discussed in, 
this volume but have been rarely taken up in books or papers on sewerage. 

In addition to acting as designing and supervising engineers upon 
work executed by contract, the authors have had direct charge of the 
construction by day labor of many miles of sewers, large and small, 
in earth and rock, trench and tunnel. The construction of sewers from 
the contractor’s point of view is, therefore, understood clearly by them. 
They have endeavored to present in the following pages the instructions 
they would issue to the superintendents and foremen in charge of day- 
labor forces, and the advice they would give to contractors taking up 
sewer construction ^r the first time. The authors believe that there 
is need of improvement in much of the sewer work done in this country 
and that ihis.improvement should be made in inspection as well as in 
the operations carri^ on by contractors, in construction done by d%y 
labor as well as in that executed by contract., Their experience has been 
that contractors generally have desired to "do only the best work, but 
that they sometimes fell short of attaining their object through un- 
fanuliarity with the special requirements for good sewers. It is hoped 
that tliis book will prove helpful to all such men, as well as to engineers 
and inspectors who should bo familiar with practical methods of 
construction. 

LeOJ^ARD METCAtr. 

Habrison 'P. Eddi. 

14 Beacon Stbeet, 

Boston, Mass. 

Sept. 11, 1914. 
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CHAPTER I 

PRELIMINARY INVESTIGATIONS 

Many sewers have been built without much engineering assistance 
and when isolated and grades have been steep they have served their 
purpose fairly well. If, however, a municipality requires a system 
of sewers, it is of the utmost importance that it be designed and its 
construction supervised by an engineer of experience in this kind of work. 
This chapter has been prepared mainly with a view to giving helpful 
suggestions to the student, to the young engineer taking up sewerage 
engineering and to the inspector, and to presenting an outline of the 
steps taken by the engineering department of a comprehensive sewerage 
project. Some details and refinements are suggested which have 
doubtless often been omitted, and some of them may not be required 
upon small projects, but if a high grade of construction is to be secured 
the quality of the engineering must be equally high. It is a most com¬ 
mon error to save a few dollars upon engineering work and lose hundreds 
or thousands of dollars upon the construction of sewer systems poorly 
designed. The average citizen does not know whether a sewer is 6 ft. 
deeper than necessary, contains 25 per cent, more masonry than is 
required, or is adequate for only 10 years when it should provide for a 
period of 30 years, but he can readily detect an extra insixictor or a few 
hundred dollars spent upon a topographic survey which will enable the 
engineer to study his problems intelligently. One of the important 
duties of the engineer is, therefore, to instruct and educate commissions, 
committees, city councils and the public as to the necessity and value of 
a high grade of engineering work. 

Considerable attention is given to the necessity and desirability of 
preparing adequate plans and of preserving records which shall be of 
value after the work in hand has been completed. Surprising as it may 
seem to some engineers, there are many municipalities in this country 
which do not possess even the most obviously necessary records of their 
sewers, such as those of their sizes and slopes. This is a condition 
which can be remedied only at great expense, if the system has been built 
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many years. An illustration of this kind is furnished by the underground 
survey carried out under Henry M. Waite, Chief Eng. of the Depart¬ 
ment of Public Service of the city of Cincinnati, at a cost of more than 
$70,000. To secure information for the records prepared by this survey, 
it was necessary to make a manhole to manhole inspection of the sewers, 
measuring their diameters and securing elevations from which their 
slopes could be computed. 

MAPS FOR PRELIMINARY INVESTIGATIONS 

While the engineering force is being organized, a diligent search should 
be made to obtain all available existing maps which may have a bearing 
upon the contemplated work. 

The United States Geological Survey has prepared maps showing the 
topography of a con.siderable portion of the United States. These arc 
published in 20 X lG-l/2-in. sheets, the unit of area being a quadrangle 
15 min., 30 min. or 1 deg. in extent each way. The scales are there¬ 
fore 1 to 62,.500,1 to 125,000, or 1 to 250,000, which are almost equivalent 
to scales of 1 in., 1/2 in., or 1/4 in. to the mile respectively. These 
maps are sold by the Director of the Survey at Washington, D. C., for 
10 cents per sheet, or, in quantities of fifty or more, at the rate of 6 cents 
per sheet. They will be of value in computing areas of very large drain¬ 
age basins, such as those of creeks and rivers, and in showing the general 
topography of the community as a whole, but they arc valueless for use 
in laying out individual sewers. 

Street Maps.—City engineers, town surveyors, local assessment 
boards and land title companies frequently have maps of their localities. 
These often indicate not only street lines, but lot lines and buildings. 

It is usually important to note the exact location of all pipes and 
conduits, w hich can sometimes be done through the aid of maps prepared 
by the public service corporations. 

In many districts post route maps may be had, drawn to scales varymg 
from 4 to 12 miles per inch, showing highways, railroads, ponds, rivers, 
streams, and range, township, section and meridian lines, in addition to 
the postal routes. These are oftentimes extremely useful in preliminary 
studies. 

Although too much dependence should not be placed on the accuracy 
of county atlas maps, these also are of considerable service in connection 
with the preliminary work. 

If upon chewing up such maps they are found to be substantially 
correct, they may be used as a foundation for more extended mapping 
of the locality. Frequently little is saved by making use of such 
maps, unless they arc found to cover a considerable portion of the 
district to be surveyed. 
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FIELD WORK 

Having determined the scope of the work and the data required, unless 
satisfactory maps are available, surveys of the district must be made. 
The degree of precision required will be determined by conditions of the 
problem. If the expense is justified, it is desirable to establish a trian¬ 
gulation system which will furnish the skeleton for further filling-in 
surveys. The latter should include the precise location of street and 
property lines; street ear tracks; water, gas, sewer and drain pipes; fire 
hydrants; conduits for electric lighting, telephone, telegraph and 
heating service; all pavements, noting character and approximate age; 
tunnels, subways, and culverts; public parks, play grounds, boulevards; 
all bodies of water, lakes, ponds, streams, brooks and important ditches, 
and other natural features or artificial structures which may be of 
importance to the problem in hand or influence the design of the new 
works. 

Preliminary to taking the profiles, an accurate, permanent, and eom- 
plete system of bench levels should be established throughout the entire 
area to be covered by the proposed sewerage system. The bench 
marks should be on points easily described, readily accessible, and 
that are not likely to be disturbed. They should bo located at 
sufficiently close intervals for subsequent use; for instance, in heavy 
work one bench to each block in all streets where sewers are to be laid, 
and at frequent intervals where tojiographic details are to be obtained 
subsequently. 

In establishing these benches it is desirable to run several circuits 
covering the entire area, thus establishing bench marks of primary 
order. Each circuit may thus be checked independently, and inaccura¬ 
cies of the field work within each circuit detected. The accuracy with 
which such circuits should close depends in great measure upon the 
quality of construction work to be obtained and the flatness of the grades 
to be used in the work. 

The Board of Water Supply for the City of New York, in establishing 
the bench marks for its Catskill Aqueduct bine," established the requirement 
that circuits should close with an error in feet less than 0.02 ■%/miles. On 
this work the 15-in. Berger inverting dumpy level with stadia wires set 
for a ratio 1:200 was used. Two self-reading, white pine level rods, 10 
ft. long, were used. These rods were similar to the Molitor rod {Trant. 
Am. Soc. C. E., vol. xlv, page 14) except that they were divided into 
tenths and two-hundredths of a foot, the tenths being numbered con¬ 
secutively. Each rod was shod with a phosphor-bronse shoe, terminating 
in a cylindrical pin about 3/4 in. in diameter and about 1 in. long, the bot- 


' S«e “Bench Iseveling Operations on the CatskilJ Aqueduct Line,'' M. E. Zip«er« 
Sngr. AVwg. Feb. 20, 1908. 
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tom face of thie pin being accurately faced in a plane normal to the axis of 
the rod. The rod was also provided with a mercurial thermometer, a 
watch glass level capable of easy adjustment, and provision for the hanging 
of a plumb-bob. 

In order to obtain the speed and accuracy required, two rodmen were 
employed to hold on alternate turning points, these points being selected so 
as to make back sights and fore sights practically equal. The level was 
protected from the rays of the sun by an umbrella. Each of the two stadia 
wires was read and recorded in addition to the ordinary level reading, and 
these several readings reconciled before moving ahead. The speed obtained 
on this work averaged about 2 miles per day in rugged or wooded country 
and 4 miles per day in comparatively level and open country, while 
check levels were run at the rate of about 1 mile per hour. The adjust¬ 
ments of the instrument were tested at least once per week, although actually 
no adjustments were required. 

In ordinary work with flat surfaces this is a desirable and readily 
attainable standard. In small cities in a rolling or hilly country a lower 
standard of accuracy may suffice. Having obtained the primary bench 
marks, intermediate bench marks within the area embraced by each 
circuit can then be established, care being taken to check each cross line 
with benches of the primary order. 

Profiles should be run on all existing streets and alleys, and along the 
location of all proposed streets. Levels may be taken in the center of 
the street at intervals of 100 ft., and at such intermediate points as the 
changing of grades may require. For all propo.scd streets, the proposed 
grade should be ascertained, provided it has already been “established. ” 

Where sewers exist, sufficient levels should be taken in their inverts to 
determine the accuracy of the profiles which are on record, if there be 
doubt of their accuracy, and if these are found to be incorrect, or if none 
exist, an accurate profile should be made by taking levels of the invert 
at each manhole. This may require the use of a very long pole, grad¬ 
uated in feet, tenths and hundredths, shod with a steel point for 
penetrating the sediment in the sewer. 

Topography notes should be obtained for the preparation of a map 
showing the topography of the entire city, with contour intervals of 1, 
2-1/2, 5 or 10 ft., according to the slopes of the ground surveyed. 
This map should include the area within the present city limits and 
such suburban territory as is likely to be annexed within the next 30 to 
50 years. If possible, it should also cover such contiguous territory as 
may drain through or into the city. 

The approximate cross-section of the streets should be determined and 
the etevation of the sills of buildings along the street, more particularly 
of the low-lying ones. Similarly the approximate depth of the cellars 
should be noted, in order that the sewers may be laid out so as to drain 
the cellars of all houses. 
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The elevations should be taken of the Imds of all streams and invorU 
of canals or culverts encountered, and the various water levels or stages 
should be recorded, the minimum, mean low, mean high, and maximum ' 
flood levels. 

Examination of Existing Structures.—It is desirable to locate by means 
of tfflt pits the elevations of all pipes and conduits which arc likely to be 
encountered in the construction of the proposed sewers, unless they are 
clearly and accurately shown upon the drawings which purport to show 
these structures. 

The accuracy of such drawings as have been procured should be 
determined before making use of them. 

The existing sewers should be examined to determine their physical 
condition, the deposits in and leakage into them. 

For physical examination of the sewers it is frequently possible, by 
means of two mirrors, to reflect sufficient sunlight into the sewers to 
enable one to determine the quality of the workmanship, the location of 
imperfections in the construction of the sewers, and the location of 
foreign matter contained therein. Under this method one man stands 
upon the surface of the ground and reflects the sunlight down to a mirror 
held by a man in the bottom of the manhole, who stands, figuratively 
speaking, upon his head, and flashes these rays into the sewer, and at 
the .same time examines its interior. Good mirrors, 5 in. in diameter, 
which can be carried in the pocket will lx; found convenient for this 
purpose. An electric lamp deriving current from a battery may be 
floated through from manhole to manhole. A lighU^d lamp or candle 
should not be used for this purpose because of the danger of explosion. 

At times when sunlight is not available, and where incandescent 
electric lighting circuits are convenient, it is frequently irossible, by 
means of long extension cords, to make this examination by means of 
powerful tungsten lamps equipped with good reflectors, although such 
light cannot be thrown as far as good reflected sunlight. 

The amount of ground-water leakage, if sufficient to warrant its 
measurement, can often best be determined by means of weirs within 
the manholes, due allowance being made for velocity of approach. 

Run-off Data.—The river or stream flow is often of great importance, 
particularly in connection with problems involving the disposal of sew¬ 
age. For its study there should be obtained, first, the drainage or 
catchment area; second, the rainfall records; third, the run-off or dis¬ 
charge records; fourth, rainfall and run-off records of other similar or 
comparable drainage areas in the neighborhood. 

Where reliable records of stream flow are not available, it is desirable 
to establish gaging stations upon such streams early in the investigation, 
in order to secure as long and complete a record of discharge as possible. 
Such measurement should surely cover the dry-weather flow of the year 
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in which the investigation is niailo, and sliouhl Vjc continued throughout 
the entire period of investigation. 

In connection with sucli stream-flow inca.surcments, it is very impor¬ 
tant tluit tiie site of the gaging station be selected only after careful 
and thouglitful consideration of all availaldc places. It is important 
that the channel should be straight with approximately uniform eross- 
Reetions for several hundred feet above and below the site selected. The 
bed of the stream at that point should be fairly permanent and of regular 
shape. It should be a sufficient distance above any darn or the junction 
with any other stream to be free from the effect of backwater, and be 
rrrasonably accessible during all stages of tire stream. 

A permanent gage should be established at the outset, in such a posi¬ 
tion that it may serve its purpo.se during all ranges of depth of water 
which are likely to occur, and its location should be such as to permit of 
its being read at all suidi stages. 

This gage should be I’cad and recorded daily, and more frequently 
when the flow is fluctuating with considerable rapidity. 

The cross-section of the stream should be determined at the beginning 
and nmieasunsl from time to time during the season, in order (o ascer¬ 
tain what changes, if any, have taken j)lace. Kspecially should this be 
done after all floods, at which times the section may be changed, either 
by erosion or by sedimentation. 

The velocity of flow should be determined frequently, and especially 
during the summer low-water stage. The \’eloeity may be determined 
by a current met(T, by floats, or, where small flow.*' exist, it may be 
computed from the flow mt^asured by a weir. 

From the velocity of flow determined for various stages of the 
river, a rating curve may be prepared, from which the flow may be 
estimated for the intermediate depths of water, with a limit of error of 
about 5 per cetit. 

Coincident with the records of stream flow, the rainfall near the gaging 
station and at numerous places scattered over the drainage area of the 
stream in que.stion should be recorded. 

Character of Soil.—The character of the soil should be determined, 
in order that the cost of the work may be estimated with as fair a degree 
of accuracy ns practicable. For tliis purpose, information may be 
obtained by inquiry of local parties who have made excavations or sunk 
wells, and also by means of soundings, drillings, and borings. 

For shallow determinations, approximate information may be obtained 
by driving a solid steel rod or a pipe fitted with a steel point and a driving 
head. If the car is placed clo.se to the rod as it is driven, it is possible, 
after a little practice, to determine when the point passes into and through 
soils of various grades, such as clay, sand and gravel. The man 
holding the rod can distinguish between different materials in a similar 
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mMner. By withdrawmg the rod from time to time and examining ite 
pomt, minute samples may be obtained, especially if a slight groove has 
been cut in the driving point. Such a rod may be withdrawn by means 
of a long lever and chain, or by means of a friction clutch. Fig. 1 
having a large ring attached to one end into which the end of a lever 
may be slipped. 

The methods and cost of making 1435 ft. of punch borings in 116 holes 
at St. Louis, Mo., were described by W. W. Horner in Engineering Newe, 
Sept. 5, 1912. The borings wore made by a gang of four men usinjl 
7/8-in. steel rods 12 ft. in length. A boring point was screwed into the 
lower end. It was about 
a foot long and tapered 
from a shoulder some¬ 
what larger than the 
rod to a fine point. 

Another point called 
the “punching rod" 
was practically a churn 
drill and was used to 
punch through strata of 
hardpan or obstruction.^ 
which were encountered. 

In boring, two men u.sn- 
ally rode the handle bar, drill- 

while two others turned the rod. In hard ground a small quantity of 
water was used to soften the clay and lubricate the hole. The rods 
were removed at intervals of 5 ft., the point being replaced by a spoon 
with which a sample was taken. In soft ground the samples were not 
of much value, as the hole might close in and the spoon become par¬ 
tially filled before reaching bottom. In firm material a true sample 
could Ije obtained if proi)er care were used. Rock was detected by the 
ring, which indicates to those familiar with the work whether a boulder 
or ledge is encountered. 

Mr. Homer .stated that the co.st of I his work was higher than usual, 
becau.se of the character of earth encountered; about 300 ft. of boring 
was through hard shale, 40 ft. through old macadam road, and of the 
remainder, about half was through very hard clay and gravel. The 
depth of holes was 13 ft. av'crage, 2 ft. minimum, and 39 ft. maximum. 

The total labor amounted to 180 days, equivalent- (o 45 days’ work for 
one gang of four men. The average depth bored was 32 ft. per gang 
per day, which cost 24 cents per linear foot of boring. Such work 
through ordinary clay and loam costs from 6 to 10 cents per foot for 
holes averaging 15 ft. deep, aceording to Mr. Horner. 

Borings.—Samples of earth, sand, and gravel may be obtained from 
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depths not exceeding 15 to 30 ft., by means of post-hole augers or even 
with an ordinary carpenter’s auger welded to a steel rod or gas pipe and 
operated by a handle formed by a plumber’s tee into which two short , 
pieces of pijie have been threaded, one on either side, which serve as 
handles. This auger will probably work to better advantage if the center 
))oint is removed. Fig. 2. 



- 3 ' 

Fiu. 2.—.\ug('r handle and bils. 


Jet Drilling.—In the jet drilling 
method, a jiipe ca.sing is sunk by 
means of a heavy hammer or 
weight, operated from a frame or 
tripod and raised cither by hand 
or machine; it is allowed to fall on 
the end of the pipe, within which 
there is another pipe to which a 
ho.se is attached and connected 
with a powerful force pump. At 
the bottom of this inner pipe is 
an exj)ansion drill point which 
cuts away the material below the 
casing. This material, stirred up 
and held in suspension by the 
water jet, flows out with the water 
through a side outlet at the top of 
the casing pipe, as shown in Fig. 
3, from “ Water Supply Paper Jio. 
257, ” U. S. Geological Survey. 

By collecting portions of this 
water in a tub, a sample of the 
eroded material may be obtained. 
A record of the depth at which the 
drill was operating at the time the 
sample was taken should be made. 
In this manner a fair idea of the 
materials encountered may be ob¬ 
tained, although frequently it is 


difficult to distinguish between such similar deposits as the conglom¬ 


erates and stiff and compact gravel. This may prove serious be¬ 


cause the expense of excavating the one is far greater than the other. 


In the report of the Hurr-Hering-Freeman “ Commission on Additional 
Water SupplyTor the City of New York ” (1903, page 629) may be found 
a description of the method adopted in determining the location of 
ground water and the character of substrata as afferding the quantity, 


percolation and velocity of ground-water flow, from which report the 
following has been abstracted: 
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As tlieso tost wells were to be left in plnee for Rround-water observations, 
©eonomy in /natcrial was necessary and 2-in. w'ells were used. 

The washed borings w'on; to be /nnde at intervals of several miles in a 
country for tlie most part devoid of surface streanis, and at points necessarily 
at some distance from existing wtIIs. The proliloms, tlien, were to devise 


an outfit of groat portability, that could be operated with the least possible 
labor, and to haul to each outfit all the water that was required to drive the 
wells and secure good samples. The most serious of these problems was that 

of securing sufficient water 



Fkj. 4.—Wash-boring rig, New York Commis¬ 
sion on Additional Water Supply. 


for good washed samples. 
Throughout the work the 
necessary' water was hauled 
to each outfit in barrels 
on the wagons that also 
served for the transporta¬ 
tion of the outfit. 

1'he rig finally adopted 
for the test boring work 
of the Commission, Fig. 4, 
W'as jiattcrnod after a Bos¬ 
ton rig. Two large gin 
wheels W'cre suspended at 
the peak of a 1-1/2-in. pipe 
derrick about 12 ft. high, 
whicli served at the same 
time to carry a staging for 
handling the w'osh pipe, 
drive head and hammer. 
The great width of these 
gin whetds permitted the 
use of l*in. ropes and the 
great diameter resulted in 
less frictional resistance; 
the height of the gin wheels 
allowed the men on the 
hammer to sway out on the 


lines instead of obliging them to double up on the last few feet of a length of 
casing, as with the Boston rig. With the stiff pipe derrick, it was also 
possible to secure core samples by driving 1-1/4-in. pipe 3 or 4 ft. into 
the material at the bottom of the casing. The drive-head, hammer, 
pump, suction and discharge hose and the wash pipe that were used with 
the Boston rig were retained. A force of four men and driver were em¬ 
ployed with this outfit. The cost of this rig complete was about $150. 

The engineerdig inspector assigned to each test boring outfit located the 
wells and, through the foreman, directed the work of driving. In addition 
to these duties, the inspector measured up the pipe that was driven, classified 
the samples and took all notes that were required. On the completion of 
each well, these notes w'ere sent to the office on specially printed blanks. 
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Samples of the substrata were taken at all wells unless closed end 
points were used or unless a number of wells were grouped together, 
when samples from only one well were preserved. At each test well from 
which a knowledge of the material was requirtKl, dr>’ samples of the soil 
and the subsoil immediately below were secured, and washe<l samples of 
the substrata were taken every 5 ft. f)elow the surface of the ground 

and at any change of material between those inter\'al8. 

When the inspector directed a washed sample to he taken, the entire 
discrliarge from the casing was caught in a large pail or tub of 8 to 15 gal. 
capacity, wdiich was not allowed to overflow. The tub containing 
tlie sample was set aside f(»r 15 to 30 niinute.s, after adding 2 c.c. of 
hydrochloric acid to hasten the precipitation of the fine material. Wlien 
mo.st of this had settled, the slightly (urhid water was poured off and a suffi¬ 
cient amount of the material to fill tlic .sample bottle was nmioved from the 
tub and tlie bottle was properly labeled and packed in the sample ease 
provided for the purpose. The turbidity of the water that was poured off 
was observed and recorded in order to have a mea.surc of the material lost. 

It was hoped, at the beginning of the work, that it would l)o possible 
to use nothing but clear water in washing up the samples, but the distances 
over wliich it was generally necessary to haul the water and (lie large amount 
that was sometimes lost in driving through the coarse sands and gravels, 
made it necessary to use, on many wells, water containing considerable fine 
materia); a limit to tlie turbidity of the water was fixed, however, and any 
water having a turbidity exceeding 200 on the silica standard was thrown 
away. In all the waslied samples, the amount of fine material obtained did 
not, therefore, represent the actual quantity in the sample when in place, 
hecau.se of the rejection of turbid water from the sampling tub and the 
occasional use of turbid water for jetting. 

The wa.siied sample.s taken from the wells on which perforated pipe or 
open-end well points were used and tfn^se that were washed up with the small 
“house lift” pump.s were not always as satisfactory as the others, because 
when washing through a mixture of gravel and sand the amount of water 
that returned to the surface was not sufficient in volume or velocity to 
readily bring up the coarse material. This was left in place after the sand 
in the mixture had been removed, and could sometimes be washed up only 
with great difficulty. 

In many w'ells entire samples were obtained with an open-end or choke 
bore pipe, or a sand bucket, to serve as a check on the washed samples 
when the character of the material was such that the washed sample did 
not appear to be correct. 

The plan of the w'ork was to first fill in the large areas in which no existing 
wells were found by driving wells 4 to 5 miles apart; later, to locate othei 
test wells at inten-'als of a mile or two, so that, with tlie existing wells, the 
surface of the ground w'ater could be everywhere determined and accurately 
contoured. 

An estimate of the total cost of the test boring, including the cost of in¬ 
spection and supervision, and all other expenses incurred in the field and 
office on this work, is shown in Table 1 under the several items into which 
the cost may be divided. 



12 


AMUniCAN SEWERAGE PRACTICE 


Table 1.—Cost of Test Boring 

(ConimiMHion on Additional Wat<*r Supply for thp City of New York) 




Cost per foot 

Item 

Total amount 

of pipp driven 



(11.605 ft) 

Superintendence and inspection (including 



engineering and supervision). 

$2,H15 36 

$0,243 

Labor—foremen, $3 and $3.50 per day; 



laborers, $1.50 and $1.75 per day 

5,074.30 

0 437 

Teams employed with outfits, $3 and $3.50 



per day . 

1,612 20 

0.139 

Transportation, ear fare, livery, freight 



and express. 

559,73 

0 048 

Cost of rental of test boring rigs. 

618 43 

0 053 

Two-inch pijic, |)erforated pipe and joints 

1,723 90 

0 149 

Misc. expenses, samph? bottles, cases, elas- 



sifying material, blasting, etc . . 

315 02 

0 027 

Ti,t,.d 

$12,718.94 

$1 096 


In loose snivels (lie cost of the boring was not far from 60 cents j)er foot, 
but in compact till wliere dynamite was used, the cost ran up to $2 per foot, 
and some wells even higher. 

To make the total cost per foot comparable witli other work of this 
character which, however, has usually been confined to much smaller areas, 
the items of inspection, superintendence, pipe and fittings must be reduced, 
and the greater part of the iteni for teams taken out; fvir it is not generally 
customary to jdace more tlian one engineering inspector on several outfits, 
if any at all be assigned; the casings are usually pulled up, and the pipe 
used repeatedly; and water can ordinarily be piped to the work from a town 
supply, or from a small temporary pumping plant. If, then, we take 15 
cents per foot from the item of inspection, 10 cents per foot from that of 
teams, and 10 cents per foot from the cost of the pipe, we reduce the total 
coat per foot to 75 cents. Considering the cost of labor, which was paid at 
the rate of $1.75, excepting during the first few weeks, and also the quality 
of labor that it was necessary to employ, this is a reasonable figure for the 
work. 

In Fig. 5 is shown a combination drill and sand pump used by the 
city of Rochester, N. Y., in sounding along the line of a proposed outfall 
sewer in the bottom of Lake Ontario. N. A. Brown, Assistant City 
Engineer, who was in cliargc of this work, furnished the following 
description: ^ 

“To determine the material through which the trench will be dredged for 
the outlet pi{>e of the Rochester sewage disposal plant, borings were made in 
the bottom of Lake Ontario from the shore to a point 8400 ft. therefrom 
in August, 1909. A scow 10 ft. wide and 30 ft. long, having a 3 X 3-lt. 
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well in the center, was used for this work. Over this well a single block 
was placed at the head of a 12-ft. tripod to raise and lower the drill and 
handle the casing. 

“A 2-m. pipe casing was used with a l-in. pipe for a drill rod. At the 
bottom of the drill rod a combined sand pump and drill was attached. By 
means of holes in the casing, water was admitted to the casing and circu¬ 
lated through the sand and out the drill rod through a T at the top. Four 
holes were made on shore and 2(5 made in the water. The depth of water 
at the last hole was (51 ft. Of the 372.5 ft. of borings, 279 was sand, 88 was 
clay and 5.5 wiis gravel. 



Ficj. 5.—Drdl and sand pump, Kochester. 


“The following data give the cost of the drilling. 

Equipment, including rigging 8<-ow, ropes and anchors, pij>e, etc.. $114.89 


Rental of scow and launch . ... . 139.00 

Labor* 

2 drillers at $4.00 per day 

1 helper at $2.50 per day . 142.85 

Supervision. . 260.00 


$646.74 

Total length of hole drilled . 372.5 ft, 

Cost per foot. . .. .. . $1.74 

Average depth of hole . . 12.4 ft. 

Cost per hole.$21.56 
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Averaj^e number of holes per day, not including the days lost because of 
unfavorable weather, .‘h 

Average nunif)er of holes per day, including those lost because of the 
weather, 2 1/2. 

“The time required to lower easing, do the drilling and to remove the cas¬ 
ing was 2(> hours ami 10 minutes to drill 220.4 ft. of sand and 54.1 ft. of 
clay. Thisgive.s an average of 1 ft of hole every Gminutes. Much time was 
requireii to move the sianv and aneh<jr it m position. All work was done 
2 miles from the liurbor so tluit no drilling was done any day before 10 
o'clock.” 

In Fig. b i.s .sliown part of a profile of the bottom of Lake Ontario 
along the liiu' of the propo.sotl sewer outlet, which illustrates one way in 
wliich th(‘ results of borings may be indicated graphically. 

In the larger part of Louisville, Ky., the soil consists of loam overlying 
fin(‘ y(‘llow sand or clay, Ixdow which are sand and gravel. In the east¬ 



ern section considerabh' ledge underlie.s the fine yellow sand and some 
sandy clay is found. The data given in Table 2 fairly represent the 
amount and cost of borings to furnish information relative to the char* 
aeterof materials to be encountered in excavating for the sewers built 
by the Commissioners of Sewerage. 


Taiilk 2 —Data Relating to Borings at Louisville, Ky. 
(duIy-Octoher, 1909) 

(Heport of (’omniwsjotirrn of Sewerage, Louisville, Ky.. January, 1907, January, 1910) 


Month 

Feet 

Cost per foot 
(cents) 

Average depth 
of holes (feet) 

Remarks 

July. 

1,274 5 

6 1 

19 6 

Light augers 

.\ugust 

2f>7 2 

9 6 

21 5 

Light augers 

September 

157 0 

7 7 

21 7 

Light augers 

October. . ^ 

22;t 5 

17 9 

24 8 

Light augers 

October. , 

1()1 1 

21 ,3 

20 1 

Cased 

October. . 

126 2 

11 5 

12 6 

Light augers 

Totals. 

2,209 5 

9 2 

19.9 
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Core Drilling*—This method of drilling has the advantage that an 
exact sample of the material through which the well is driven is obtained, 
and may be preserved to show the exact nature of the soil or rock. Of 
the various core drills the most common types arc the diamond drill and 
the shot drill. One form of diamond drill is described by its makers, 
the*Sullivan Machinery Co., as follows: 

“'J'he diamond drill consists of a lino of hollow rods screwed together in 
5 or 10-ft. sections, rotated by an engine through a shaft and gearing, 
and fed forward by cither a hydraulic piston or by a screw feed At the 
lower end of the rods is placed a bit, in which pieces of ‘black diamond' 
or carbon are set, and wiiich, as the rods are rotated, cuts an annular 
hole in the rock, leaving a center pipe or ‘core’ undisturbwl. Water is 
forced through the rods to keep the diamonds cool and to wash away 
the cuttings from the bit The e.ssen1ial feature of this method is the 
core or section of rock, w’hich is formed by the hollow bit and rod as tho 
drill advances. At intervals, usually after drilling 10 ft, the rods are 
withdrawn by means of hoisting mechantsm. bringing with them the ns'k 
eore, which is caught and held by a self-locking ‘core-liftcr ’ Th<; con* is 
then r(*moved, the rods again lowered, and the process nrpeated until the 
d(*8ired deptli is reached ” 

The shot drills are operated in much the same way as are the diamond 
drills, but in place of the dianiomls in the cutting edge, hard chilled steel 
shot, which arc fed into the bottom of the hole through the wash-water 
pipe, work their way beneath the cutting edge and become crushed and 
embedded into the softer steid of which the cutting edge* is composed. 
The process is described by the McKiernan-Terry Prill Co., makers of 
such drills, as follows: 

“The actual cutting, however, is caused by tho breaking of the shot, 
which, l)cing of chilled steel and very hard, imbeds itself in the softer material 
of which the hit is compmed. This action produces hundreds of minute 
pockets or cavities into which these small particles of shot are constantly 
caught and dropped, each time presenting a new facet which mills away the 
rock. This action keeps up until the shot particles become so small— 
practically powder—that the flow of water f<»rcc8 it up the bore hole above the 
drilling tools, at which point the water pressure is diminished, and it falls 
back and settles in tho sludge receiver, together with the ascending detritus. 
When working properly the cutting edge of the bit will lumume a half-round 
form, which keeps some of the shot off the bottom of the hole, and so 
produces for itself a sufficient space for clearance, both inside and outside 
of the bit.” 

Core drills have the added advantage that they may be operated 
through water as well as through the earth, thus permitting samples 
to be obtained from the bed of a river, lake, or other body of water. 
These devices are available for operation either by hand or horse power, 
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aiid by belt or gearing from gasoline, oil, or steam engines, compressed 
air or electric motors. 

The cost of diamond core drilling varies within wide limits, depending 
not alone on differences in the formation encountered, but also on labor, 
fuel, water, availability of supplies, living expenses, etc. 

The Sullivan Machinery Co. gives the following costs: 

“A careful record of the cost of drilling, kept by a Michigan iron mining 
company which uses a number of diamond drills, shows total drilling costs 
(including carbon) ranging from $1.50 to $2.00 per foot. A large Western 
coal mining concern places the cost of its extensive diamond drilling opera¬ 
tions at $1 per foot or less. A large number of holes, bored in the Lake 
Superior iron country and aggregating over 11,000 ft., showed costs ranging 
from $1.63 to $2.65 per foot. The cost of carbon in the former item was 
19 cents and in the latter $1 per foot, the remainder being due to labor, fuel, 
superintendence, supplies, ct<!. A Mexican copper mine reports the cost of 
4160 ft. of diamond drilling as $2.22 per foot, of which $1.03 was due to 
carbon wear. Eleven hundred feet of drilling in the copper formation of 
southeastern Arizona civst 3H cents a foot for carbon, and $1.35 for labor 
and all other items. The expense, of long-continued coal prospecting in 
various states is reported as follows; Colorado, $1.65 per foot; Tennessee, 
$1.26; Indian Territory, $1.1K; West Virginia, $1.13 to $1.50. 

"A recent compilation of statistics with reference to the cost of diamond 
drilling goes to show how variable is the cost of such work, and how utterly 
impossible it is to fix anything more than general rules from which an ap¬ 
proximate figure of cost can be deduced. Out of 20 holes drilled through 
jasper, marble and iron slate, and varying in depth from 110 to 1100 ft., 
the average cost was $3.14 }XTfoot. Of this cost, 39 percent, went for labor, 
22 per cent, for carbon and the remainder for fuel, repairs, supplies, etc. 
Another scries of 16 holes, varying in depth from 94 to 380 ft., with an 
average of 314 ft., showed an average cost of $2.70pcrfoot. Of this amount 38 
IHjr cent, went for labor, and 13percent. fordiamonds. The cost of drilling 
in soft schist rock was as low as $1 per foot, of which labor formed 66 per cent, 
and diamonds 30 per cent. The cost of drilling in hard syenite rock was 
twice that of drilling in tough diorite; the cost of the diamonds in drilling 
the syenite na-k approximated 63 per cent, and the labor 38 per cent,; in 
the diorite rock the carbon cost 30 per cent., and the labor 06 per cent, of 
the total. The speed of drilling varied from 6 to 25 ft. per day, and the 
holes had a mean diameter of 1-3/4 in,” 

Frequency of Borings.—The frequency with which borings are made 
depends on the existing conditions, the requirements of the work in hand, 
and, in some cases, on the relative cost of excavation in different classes 
of material, Fgr deep sewers laid in open cut, soundings or borings 
need be made no more frequently than is sufficient to show the approxi¬ 
mate location and kinds of the several classes of excavation. If in 
tunnel work the grade to be established is dependent on the materials 
encountered, then borings must be made with sufficient frequency to 
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furnish information for the preparation of a complete and accurate 
geological profile. If the grade is already established, then only suffi¬ 
cient borings are required to enable the engineer to determine the feasi¬ 
bility of the location and the approximate quantities of each of the 
several different classifications of material to bo excavated. 

In taking notes of soundings and borings, it is necessary to make an 
accurate description of the location of the test hole, to state the method 
used, to record the elevation of the surface of the ground at the point 
and the depth at which each class of material is encountered, giving a 
description of the character of each material. For each hole an accurate 
record of the cost of drilling should be made. 

These records should be made at the time the work is performed, and 
later should be copied into the official record, and likewise be plotted 
upon the profiles, each classification of material being noted by char¬ 
acteristic and conventional marks, so that each classification may be 
quickly and readily recognized, as was done in the Rochester profile. 
Fig. G. 

Surface Conditions.—Record should be made of the extent and char¬ 
acter of all impervious areas. It is desirable, when practicable, to obtain 
the areas of the street pavements, noted under their several classifi¬ 
cations, such as asphalt, brick, granite block, wooden block, and maca¬ 
dam pavements; the areas of sidewalks, classified according to their 
severi kinds; and the areas of roofs, yards, and passage-ways. These 
should be recorded in such a way as to make possible their ultimate 
classification by sewerage districts. 

Investigation should be made to determine the approximate level of 
the ground water at different times. 

The location of all outlets and points of discharge of all public and 
private sewers and drains should be carefully recorded, the sizes of 
pi])e noted, and memoranda of the amount and character of the 
effluents should be kept. 

The daily quantity of sewage discharged from the important sewers 
and drains under wet-season, dry-season, and mean-flow conditions 
should be detcrinined, and the hourly variations in rate of flow should be 
noted, especially in the case of those sewers which carry industrial 
wastes. 

Samples of river water above, within, and below the city should be 
taken and analyz(!d during the season at several stages of the river 
level, and particularly at the low-water stage. 

Investigation should be made of the condition and use of the river 
above and below the city. This should include investigation of any 
litigation due to contamination of the river water. 

Records of population should be obtained for as long a period as 
they exist, and estimates of the density of population should be made 
2 
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at the time of tlie investigation, such density to be estimated separately 
for each of the several sewer districts into which the community 
will ultimately be divided. This subject is discussed more fully in 
V'olumo I. 

The record of water consumed may be obtained from the water depart¬ 
ment or company. Huch information should cover the maximum, 
minimum and mean daily total and per capita consumption during each 
month, and the annual average consumption for a number of years 
])rcvious to the time of the investigations. 

The importanc(! of (mmpiling .all available data relating to rainfall was 
discussed in several chapters of Volume I. While records showing the 
daily, monthly and annual precipitation should be made available for 
use in the study of certain problems, it is much more important to secure 
records of inUmsity of ])recipitation, as it is this rather than the total 
(luantity which governs the sizes of the storm-sewers or drains. Such 
records covering a number of years are now available at many stations 
of th(‘ U. .S. Weather Bureau. Occasionally valuable precipitation 
records have been kept by j)rivnte parties. 

Materials and Labor.—In order to be prcpare<l to make close estimates 
of the cost of t lie proposed work, information should be gathered as to 
the prevailing prices upon all classes of material to be used in the work. 
Such cost should include, where possible, not only the price of the 
material and the freight charges, but also the cost of distribution to the 
several (larts of the city where such materials will be delivered. Prices 
should b(> obtained upon cement, crushed atone, screened gravel, sand, 
sewer brick, vitrified .sewer pipe and specials, light-weight cast-iron 
water pipe, lumber, manhole and catch-basin frames and covers, inlets, 
steel reinforcement of various types, coal and wood, loam, various 
classes of labor, foremen, sub-foremen, brickmasons and tenders, stone¬ 
masons, carpenters, blacksmiths, engineers and firemen, mechanics, 
bracers and semi-mechanics, unskilled labor, and single and double 
teams including driver. 

OFFICE WORK PRELIMINARY TO DESIGN 

Without waiting for the completion of the preliminary field work, it is 
desirable to organize the drafting department and begin the plotting of 
maps and profiles, so that even before the field work is completed many 
of the maps majf be ready tor the studies preliminary to design. 

In plotting the surveys of city streets together with their struetures, 
both surface and underground, the scale to be adopted will depend upon 
the conditions involverl in each problem. In general, it is possible to 
show by characteristic lines all of the structures in sufficient detail on a 
map drawn to a scale of 1 in. to 200 ft. In some of the closely built 




Fig. 7.—Part of street substructure map, Scranton. 

(The original map is a little more than twice the size of this reproduction.) 
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up cities, with numerous pipes, conduits, etc., laid at random, it may be 
necessary to make such a map on a scale of 1 in. to 100 ft. Fig. 7 is 
reduced from such a map of Scranton. In either case, except for very 
small cities, it will be necessary to divide such a map into several sheets, 
in which case it is desiraVde to have all sheets of the same size, having a 
general or key map drawn to a smaller scale, say 1 in. to 1000 ft., 
on which are indicated the areas covered by the individual sheets. In 
some Western cities with rectangular street systems the maps of sub¬ 
surface work have the stns't widths considerably exaggerated, and where 
details at street inter.s(Kd,ions must be shown to scale these are placed 
inside one of the blocks. 

On such ma[)s should be plotted all of the information which has been 
determined by the surveys, such as the street linos, car tracks, water, 
gas and sewer i)ipes, conduits for telephone, telegraph, electric light and 
heating, togelln^r with all manholes, gate-boxes, catch-basins, and other 
buried structures. The names of all streets, parks, public buildings, 
railroads, and water-courses should be noted and the points of compass 
shomi by the plotting of a needle indicating true or magnetic north, 
as the ca.se may be. 

In determining the weight of the lines and lettering, due regard must 
be paid to the ultimate reduction which will be made in rejiroducing the 
map, if for publication, so that the lettering and lines may be well pro¬ 
portioned after the reduction has been made. 

If possible, it i.s desirable to have the maps reduced by an amount 
such as to give an even scale, such as 1 in. to hOO, HOO, or 1000 ft., 
depending upon the amount of detail shown and the size of the majis 
desired. 

If the map is to bi' photo-reduced it will be necessary to use colors 
which can be reproduced by that method. Blue reproduces very poorly, 
but if a little red i.s put in sepia the latter will come out fairly if the work 
is done by a good photographer. 

The scale to be adopted for topographic maps will depend in great 
measure upon the amount of detail to be shown and the area covered. 
t)n a scale of 1000 ft. to the inch, it is possible to plot contours taken at 
5-ft. intervals in rolling country, although in a hilly or mountainous 
country it would be necessary to adopt a larger scale in order to show 
sufficient detail. 

The topograpliic map of Cincinnati recently made under the direction 
of Henry M. Waite included an area of about 102 square miles. It 
comprised abosrt 48 sheets, the scale being 1 in. to 400 ft. and the contour 
intervals being 2-1 /2 ft. on slopes of 6 deg. or less, 5 ft. on slopes of from 
6 to 12 deg. and 10 ft. on sloix's of more than 12 deg. Each sheet covers 
an area 8000 X 11,000 ft., the engraved portion being 20 X 27.5 in. 
About 150 miles of precise levels were run in connection with this work 



PRELIMINARY INVESTIGATIONS 


21 


and 217 bench marks were set. The approximate cost of this map is 
given in Table 3. 


Table 3. —Appkoximate Cost of Topocibaphic Map op CmciNNATi 



1 Total ! 

P«f »q. mi. ! 

! Per rent. 

Triangulation. 

.' $5,326 

$52.20 

7.27 

Precise levels. 

5,650 

55.40 

7.72 

Traverse, plane table and mapping. 

38,242 

.374.90 

52.25 

Reproduction (200 copies) 

19,145 

1 187.70 

26.15 

Office expenses 

4,837 

47 40 

6 61 


i $ 73,200 

1 $717 60 

i 100.00 


In addition to the contours, which should be plotted in sepia, if prac¬ 
ticable under the method of reproduction, the water-courses, swamps, 
etc., should all be shown, preferably in blue, while the artificial features, 
such as roads, boundary lines, buildings, and all lettering, should be 
done in black, the weight of lines being decided upon after giving due 
regard to the possibility of reduction in reproduction. 

The maps which arc to be u.sed to show the proposed sewer system 
should not have all of the detail which has been plotted on the regular 
city maps. In fact, it is probable that none of this detail is required 
except possibly the street and steam railway tracks, thus giving ample 
space to plot the propo.sed sewers and their connections in a bold line. 
The di tail maps, however, should be made and studied with considerable 
care in order to decide upon a suitable location for the proposed sewer 
in each street. Where p.)ssiblp, it is desirable to have the. entire sewer 
map on one sheet, even though this may require the complete re-plotting 
of the ni.ap. If this is not practicable, then a tracing may be made from 
the city map, giving street and alley lines, railway tracks, water courses, 
parks, the important public buildings, and the magnetic needle; on this 
the proposed sewers can afterward be plotted. 

Profiles.—Profiles of each street in which sewers are contemplated, 
either at the time or in the future, should be plotted. 

The scale adopted for the profile will dei)cnd upon the profile paper 
used, and the detail to be shown. It is quite common to use Plate B 
profile paper with a vertical scale of 1 in. to 6 ft. and a horisontal 
scale of 1 in. to 40 ft. 

In such a profile, in addition to the surface of the ground, there should 
be shown an approximate profile of the ledge to be encountered, as 
determined from the borings which have been made, these borings 
being shown graphically on the profile to the depth to which each was 
taken, and the material through which the soundings were made being 
indicated by characteristic and conventional signs. All sewers and exist¬ 
ing pipes, conduits, etc., which intersect the line of the sewer, should be 
shown at their true location and elevation on the profile. The names of 
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n\\ cross slreels stiould bo indicated, as well as the names 0 / the streets 
tlirounh wliicli llie profile runs. The kinds of pavement to be excavated 
iilwiK the line of the .sewer .should lie indicated, with arrows to show the 
hniit.H of each chMs of pavement. The elevations of the inverts of all 
pi|»'« iiml .sinictures and of all deep cellars should he indicated. 

Contract, Specifications and Drawings.—Contract drawings showing 
Iirai'tieally all cletaiN chould he ronipleled before contractors arc re- 
((iie.sled to figure the work, thu.H giving them the benefit of a complete 
ktioivledge of e.vaeth' what slructuro.s are to be built and how they are 
designeil. Such drawings should show, so far as practlcaVde, all avail¬ 
able infornialion bearing upon the character of materials to he excavated, 
the location, .size and character of structures likely to he encountered in 
the e.xcavalion, ]mvenients, car tracks, etc. 

The contract and specifications should be so drawn as to sot forth 
clearly, and as conipletcly im possible, all work, requirements and condi¬ 
tions included in or affecting the contract. While more time and 
expense will be involved in preparing drawings and writing contracts 
and specifications setting forth clearly all details and requirements, 
the net cost of the entire project will usually be materially less than if the 
drawings merely show in a general way what is to be done and the 
specifications arc incomplete and obscure. Too much care cannot he 
used in this part of contract work, and much misunderstanding and 
difference of opinion between contractors, owners and engineers can be 
avoided if this jiart of the work is thoroughly and well done. 

ORGANIZATION OF ENGINEERING DEPARTMENT FOR CON¬ 
STRUCTION 

No hard and fast rule can he given for the organization of this depart¬ 
ment, which must be such as to meet the requirements of the specific 
work in hand. The organization must have structure and a definite 
plan. It must have a well-defined line of authority, and individual and 
departmental responsibility must be so clearly defined that it may be 
thoroughly appreciated by each individual in the organization. To this 
end the work within each division or department must be clearly out¬ 
lined, so that there may be no doubt as to the field embraced thereby. 
The work must be systematized, and a thorough system of accounting 
established, so that the cost of running each department may be clearly 
shown. Above all, there must be good esprit de corps, cordial co- 
oiieration and wod discipline. Toward this end weekly joint meetings 
or conferences Between the chief and division engineers at headquarters 
and occasional visits to the different branches of the work are very 
desirable. 

The size and plan of organization will depend largely upon the size of 



Seweraqe 


23 


















24 


AAfKIUCAS SKWEUAOE EHACTICE 


t he undertaking. An example which may be helpful to engineers about 
to form Huch an organization in that of the Commissioners of Sewerage 
of Louisville, Ky., Fig. 8. In this organization the work was under the 
din^etion of a sewerage commission; the engineering work w'as in the 
charge of a cliief engimMT, who, together with his consulting engineer, 
report(‘d directly to lh(“ commission and was resiionsiblc for the work of 
the entire engiiHi'ring department. The several departmental en¬ 
gineers, one of whom was m charge of the headquarters and design 
divisiim and the others of different divisions of the construction work, 
all reporteil to the ciu(*f engiiieiT. 

The headipiarters ilivi.sion engiiH'cr had control of the drafting de¬ 
partment, thi' laboratory, the accounting and bookkeeping depart¬ 
ment, and the d(‘)»irtment having cliarge of the test pits and borings. 
It i.s often ud^i.sab!e for him to have charge also of the preliminary 
field surveys. 

J*]Hch of th(“ resident or division engineers bad an ofTice assistant 
wild liud charge of tin* records of the division, and several field parties, 
ea'di with an u.ssistant engineer m charge, and also a force of insjw'ctors 
in charge of tin* inspi^ction of respective sections of the construction 
H'ork. 

In the organization licn^ shown the stenographic force served the 
engineering department as w'ell as the commissioners, and although 
their dutii's were apparently divided they were directly responsible to 
t he chief engineer, w hose work occujned the greater portion of their time. 



CHAPTER 11 


ENGINEERING WORK AND INSPECTION DDRINO 
CONSTRUCTION 

Laying Out Trench Work.—There are a numluT of different methods 
in use for staking out trenches for sewer eonstruetion. In undeveloped 
eountrt' stakes may he driven on the center hue of the s(!wer at 50-ft. 
intervals, from which the line of the excavation may he marked off 
on either side, after which the stakes are removed as the excavation 
proceeds. 

A similar method may he used in city streets, except that in place of 
the stakes large 8|)ikes are dri\en into the pavement. In order that 
these spikes may he readily found a small i)iece of heavy canvas ahout 
4 m. s(|uare may he |)laeed on the ground and thi' spike driven through 
it, thus pinning the canvas to the surface of the street. 

.‘'takes or spikes, according as the sewer may he in undevelojM'd or 
ileveloix'd territory, may he driven on a line parallel to and offset a few 
feet from the center line, at i>0-ft, intervals. In choosing the side on 
which these offset stakes or spikes should he driven, due consideration 
must he given to the side ol the trimch on which the excavated earth will 
prohahly he thrown out, the stakes heing placed upon the opposite side. 

If it is possible to have an instrunicnt man on the work at all times, 
stakes or spikes at the center of each manhole will he suBieiimt. In this 
case the line for the oiiening of each piece of trench may he given directly 
hy means of the instrument. 

Reference Marks.—In staking out sewer trench, the line should be so 
referenced that it may he readily and quickly located at the time of 
construction. Several methods are used for this purpose: 

1. The center of each manhole, where the sewer is straight between 
manholes, may he referenced by means of “croas references” intersect¬ 
ing at the center. These reference points must be such that they will 
not he disturbed and yet may lie easily re-located and readily used. It 
should be possible to set the transit over one point in each pair of refer¬ 
ences in case it becomes necessary to use the transit in finding or re-locat¬ 
ing the center point. In replacing a center point which lias lieen dis- 
turlicd it may not be necessary to set the instrument on each pair of 
references, if these reference points have been so located that a string 
may be stretched between each pair. In this case the intersection of the 
two strings'detennmes the center of the manhole. 
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2. Points (Jti the octilcr line of the sower, inclmling the centers of all 
iimnholo.s, may each ln’ located l>y two or more ties taken with a steel 
tape from nail.s <lriven into trees, posts, or fences, each properly described 
si» as to i*e rea<ti!y fouml In such ties originally, it may be well 

to hang the ring of the tape on the nail so that the ties may be used by 
one person without assiKtaiua*. 

Transferring Line to the Sewer.—If tin' offsi't method of staking out 
sewers has been adoptcil. it is j)ossil>le to locate a stake in the bottom of 
the trench as it nears coinjiletioii by measuring the offset from the offset 
stake. This method is not nroininended, however, inasmuch as caving 
of the hanks mav disturb tiie offset stake and the use of bottom stakes is 
not convi'niont 

A mole ac<-e)>tahle method of determining the sewer line is by means 
of "batti'i boards” located, as .shown in Fig. 9, at 25-ft. intervals. 



Tlie im'tlu)d of erecting these “batter board.s'' is as follows: 2 X 8-m. 
[ilanks are .sclccti'd. about 7 or ft. longer than the top width of the 
trench. Tli<*sc [ilanks are set up edgew i.se across the trench every 25 ft. 
and sunk into the surface of tlie ground on cither side of the trench to 
a depth ofm. or more, and held securely in position by tamping earth 
solidly about ihem. In paved struts, rather than to cut into the pave¬ 
ments outside of the trench lines, lliesc planks, or preferably 4 X tFin. 
or h X (bin. tiiulxTs, may l)c set on llie pavement and weighted down 
with compael eartli or paving stones. 
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When a number of these cross pieces are in place, a transit is set up at 
the nearest transit point, and after obtaining line, a nail is driven on the 
true center line in the top of each of these cross pieces and close to one 
(uniformly the same) edge of it. Pieces of 3 X 1-in. batten, dressed 
all around and about 3 ft. long, are then nailed s(M*ureIy to these cross 
pieces, with one edge (uniformly the same) placed on line us determined 
from the nails above referrc'd to, and an* pliim)M*d by mt’ans o! a car¬ 
penter’s hand level or a plumb string. 

The h‘vel party then establishes a grade u|K)n the.se battens at a given 
distance alxne the invert of the sewer and drives a finishing nail (nail 
without a head) horuontally into the batten. The.se nails should Iw 
driven into the ‘*lm<‘ face" of the batten, and the distance which these 
nails are above the invert of the sewer sliould Im* ch'arly niark(‘d on the 
face of the batten. A stout cord is then fa.stened arouml the batten and 
drawn up over the nail, at the .same lime re.^ting against the "line face” 
of the batten. This cord 1 .*^ then run to the neare.st batten, drawn tightly 
over its nail, and wound arouiul tlie batten, and if it is desired to con¬ 
tinue tlie line over a longer .stret<*h of trench, the cord is then run ahead 
to the ne.\t batten. an<l .so on until at the last batten tin* string is firmly 
fa.stened. If the battens have lieen projK'rly m't, and nails accurately 
driven, and the cord <'urcfully adju.sted, making .sure that it passcH over 
the nail and close to the batti'ii in each ca.se, it will, therefore, be parallel 
to the invert and vertically over the center line of the sewer. 

Checking.—The alignment (»f the battens .sliould be cheeked by eye 
immediately following ih<*ir setting, to deteet errors, such as the setting 
of tlie wrong edge of the batten to line, etc. Tbe alignment may l>e 
conveiiiciitl\ checked by sigliting .si'vcral battens w’itli the naked eye, 
und in doing this care must be taken eaeh time to allow the sight to in¬ 
clude two or more battens that have previously been checked, so as to 
delect a sudd(‘n break in the line. 

It Is not suffici(‘nt merely to check these lines at the outset, but the 
iiLSjH'ctor shoulfl cast his eye along the battens freqiKuitly during each 
day, and if the trench lias any tendency to .set tic or if there is opportunity 
for the batter board.s to be disturlied, tbcs<‘ lines should l>c checke<l by 
instrument at frequent intervals, jmssilih daily. 

Grades. —As pre\iousIy stated, it is d(*sirable to have well-defined 
and accurate bench marks established at frequent intervals, so lliat 
the instrument man may obtain the height of his instrument directly 
from a well-established bench at any point along the sewer trench where 
he may desire a "wd-up. ” Having determined the height of instrument 
from such a Ijcnch, it is desirable to eh(*ck tliat height of instrument 
lieforc any grades are given by a sight upon a second l>ench mark, if one 
is available. In the absence of a second couvenient lx*nch mark it is 
desirable to establish a turning point in the direction of the next adjacent 
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l)en('h mark. After all the gradc.s have been given from the one set-up, 
the flceond bench or the temporary turning point should be carefully 
checked to sati.dy the instrument man that his level has not been dis¬ 
turbed. Where the turning point has been used a secondary set-up 
should then be made to eheek this work with the next bench mark. 

In driving nails m the line face of the batten, preferably at even feet 
above the sewer invert, the exact position of this nail should be deter¬ 
mined by the rodiiian by holding his rod against the face of the batten 
and at the .same lime holding the blade of his knife at the base of the rod 
ready to iitserl the point of the blade into the batten when the levelman 
sigiiifie.s the correctness of the po-sition. The nail is then driven so that 
its top will be level with this cut mark. After the nail has been driven, 
the rodman should hold his rod upon the top of the nail for the level- 
man's cheek. .\s soon us the nail is established, the rodman should 
mark upon the face of the batten the distance which the nail is above 
the invert. 

A more convenient met hod under some conditions is to hold the rod on 
the cross piece at the line nail, securing its elevation and computing 
therefroiii the distance above or below the cross ])iecc at which the nail 
should be drn-en. This distance may be measured by a rule and the 
nail driven aeeorilingly. 

Still another met hod is to measure off the proper distance on the batten 
and mark it with a ))eneil line across the stick. The batten is then 
nailed to the cross piece so that the pencil line will coincide with the top 
of the cross piece. The cord is then drawn over the top of the batten, 
the center of which is over the center line of the sewer. This is probably 
the uuickest met hod and in the hands of careful engineers has given 
entirely satisfaclorv results. 

When the cord is tightly drawn over these nails from batten to batten, 
the string then being parallel to and at a stated distance above the invert 
of the sewer, the grade is transferred therefrom to the invert by means of 
a graduated pole terminating in a shoe, shaped like a bracket, set at 
right angles to the pole in such a manner that when the base of the bracket 
is in the invert of the pipe and the pole held plumb. Fig. 9, the correct 
difltanee is established by raising or lowering the pipe until a mark on the 
pole agrees with the distance marked on the face of the batten. 

After the pipe has Iwen brought substantially to its true grade, its 
alignment is cheeked by means of a plumb-bqb, suspended by a string 
held lightly against the stretched cord, so that the point of the plumb-bob 
rests iminedialii’ly above the crown of the sewer pipe, the pipe being 
moved over until its center is immediately below the point of the 
plumlwbob. 

The grade nails should be checked frequently, first immediately fol¬ 
lowing the setting, and occasionally throughout the day by sighting 
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over the tops of s half doscn or more to make sure that they also are 
in a common plane, care being taken to sight over at least two nails 
that have been previously and similarly checked. 

Layout of Disposal Works and Other Structures. —All structures 
should be staked out in a manner that will ix-rmit placing reference 
marks which will remain permanent and accessible throughout the 
construction period. Many of those reference points should permit 
setting a transit over them. The reference points should be sufficient 
in number so that lus the structure grows there always may be several 
points from which the line of sight may be obtaiiUHl. 

In addition to these irormanent reference marks and transit points, it 
is of great advantage, es|wcially during the period of excavation, to 
make use of batter boards placed outside the line of excavation in a 
similar manner to those used by the house builder in excavating for and 
building house foiindat ions. The posts for such batter boards should 1)0 
firmly driven and the boards placed at a uniform elevation, correspond¬ 
ing with, or to a .stated distance above or Indow, some important grade 
of the structure. The lines of the exeavation may be established on 
these boards and nails driven in their tojis, across which strings may 
be drawn to indicate such lines. 

When a large area is to Ih- excavated to one or more levels, these 
batter boards may be used for sighting, and the finished grade of excava¬ 
tion ascertained by a stick on whieh a cross stick is nailed at such an 
elevation alioveith bottom as corresponds with the elevation of the batter 
boards above the graile re(|uired. In this way a number of fjoints 
about the area to Is- excavated may lie “spotted ” and the balance of the 
excavation brought to cotiform to these grades. 

Where concrete or other masonry is to l)c placed directly upon the 
bottom of the excavation over a considerable area it is always wise to 
test such excavation, just prior to its completion, with a level and rod as 
a precaution to prevent unnecessary excavation and refill. 

Lines and grades should Ixi given by the instrument man directly on 
all forms for masonrj' as well as on all other structures when these arc 
first Iilaced, and such lines and grades should be frequently checked dur¬ 
ing the progress of the work. 

Before the work is laid out a number of bench marks should be estab¬ 
lished at convenient points. The elevations of these bench marks should 
be accurately determined and the benches should be permanent, easily 
accessible, and well protected. 

Where a river is to be crossed by a sewer and where outfalls are to be 
laid far out into a body of water, it is atisolutcly necessary to have the 
lines so referenced that they may be re-established accurately and 
quickly at any time. 

Where possible to get a permanent foresight, a common method is to 
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estaUiiili a transit point on or noar tlio shore, at a point on the center line 
of the propowd structure, which can be readily occupied at any time 
diiritiR the proRress of the work, cither directly, before the excavation 
has lieen made, or by means of a platform during the progress of the 
work. 

A range line i.s thus established between this point and the'per¬ 
manent fon'siglit, which may be a prominent point on a building, such 
as a steeple or lliig pole on the o|)posite shore, in the ciuse of a river or 
small lake, or a target upon a bunch of |)iles driven beyond the, limits of 
the outfall or intake in the lake or ocram, im the ease may be. 

To establish delmitc points on this range line, a second transit may be 
located at the other end of a base line c.stablished on the shore of the 
lake or the bank of the river, this base line being of such a length as to 
make the angles of intersection between the base line and the line of 
sight to the various |ioints along the line of the .structure larger than 45 
deg , if possible 

The stadia may be used for locating points along the range line, 
proMiled It is possible to hold the stadia board reasonably (juiet during 
the observation. This can be done where a sight is given from a heavy 
and substantial steam launch, raft, or scow, but is not practicable with 
the ordinary rowboat. 

Another and very positive method of locating the center line of an 
outfall or intake is by iiiean.s of butter boards upon jiile bents driven 
solidly into the bottom of the body of water across the proposed line of 
the structure. The center line can be established on these batter 
boards and can be checked up freiiuently, the distances being measured 
directly, using extra long tapes where it seems necessary to make the 
spacing greater than the length of the ordinary steel tape. In this case 
floats should be provided to support this tape at intermediate points. 

SUPERVISION AND INSPECTION 

All construction work should receive careful supervision to insure 
securing structures conforming with the plans and requirements of the 
engineer. For this purpose it is customary to furnish the resident 
engineer one or more msiiectors, whose duty it is to sec that all work as 
laid out by the engineering department is faithfully and accurately 
executed. 

It is the duty of the iiis))ector to safeguard the permanency of all line 
and grade boards, reference marks, etc., and he should satisfy himself 
by frequent observations that such lioards and points have not been 
disturlierl, and if in doubt as to their accuracy at any time should call 
immediately u|Kin the engineering force to re-test them. 

The insiicctor should assure himself that all lines and grades furnished 
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by till' I'liRineiT on butlor boards arc accurately transfern'd to the struc¬ 
ture. In sewer work the in.spector may choose to [icrforin this work 
first hand, giving the line by mcan.s of the pluinli-bob and testing the 
grade by means of the grade [Mile us already ileserilied. Where the work 
is performed by contract, aiM'eifieations usually reipiire this work to lie 
donh by the contractor "to the satisfaction of the engineer,’’ in whieh 
ea.se the insiiector may justly require the contractor to attend to the 
alignment and grading of the structure, the insiiector satisfying liimself 
liy frequent tests as to the accuracy of the work. 

.411 materials should lie insisirtod upon delivery, and some should bo 
again insiiceted when they are to be put into the work. The character 
of workmanship should Is- subject to coiustant ins|H'etion. 

Pipe. —I'lie inspi'etioii of vitrifbsl pi|)e is described in Chapter XI. 
Cast-iron pijM' should !«• ins|K'ete<l as unloaded from the ear and 
again Is'fore lowering into the trench, .s|i('eial care being taken to note 
the appearance of cracks at the spigot end. A heavy cotton mitten or a 
bunch of dusty waste may be used to rub over the spigot, both outshlo 
and in. and if the pi|H' is cracked, the iliist found on the pi|K' or contained 
in the waste when rubbed into the crack makes it more readily visible, 
as IS the case with vitriHed clay pi|ie. Cracked pi(M' may also be dis¬ 
covered by "sounding " with a wooden mallet while susiiended or on the 
"rolls." 

Cement.—Cement should be delivered sufficiently in advance of the 
time when it will be required for use to permit the tests required under 
the I'ontraet. The method of storing and tagging will defs'iid upon the 
size of the work. Where only small quantities are lieirig used and the 
cement is delivered by the dealer in wagon loads, the tagging should be 
done when it is unloaded from the cars into the dealer's storehouse. 
Provision should be made for setting aside that portion of the cement to 
bi used upon the sewer work so that the dealer will not send it out for 
other construction. Under these eonditious, it is usually necessary to 
place a tag on each bag of cement, for the storehouse is not likely to lie 
under the eye of the insiiector. He can lie sure that the cement de¬ 
livered has liecn tested only if each bag is tagged, llpon larger work, 
reiiuiring a number of carloads of cement, where the contractor must 
provide a siiecial storehouse for its protection, it will only lie necessary 
to tag a relatively small number of bags, as one in every nix or ten. 
Such storehouses are usually sufficiently close to the work so that the 
inspector may have a reasonable knowledge of the quantity of cement 
on hand and the portion which is being delivered. Where large quanti¬ 
ties of cement are being used upon several different portions of the work, 
and the testing is done at a central laboratory, it will be found convenient 
to mail from the lalxiratory each evening postal cards designating the 
numbers of the carload lots of cement which have lieen released by the 
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tc«ts of the (luy, than Riving to tlie in.siM'etorH :i record of released cement 
from whieii the eontnielor is entitied to draw. 

Sand.—All sand should Ik* insfM^cted for its cleanliness and suitable¬ 
ness, and where the importance of the work justifies it, may be analyzed 
mechanically to make* sun* that it is of tlie projicr proportions. Experi¬ 
ence shows that some sands give goo<l results with certain branas of 
cement and poor results with other e(]ually good brands. (M important 
hydraulic work some engineering firms now recpiire cement to be tested 
with the saml to be us(*d on tin* work, as they have had to change brands 
on imiMirtant contracts because of this {leculiarity. Taylor & Thom|>- 
son, in the second <*dition of “(’oncrcte, Idain and Reinforced,” page 
loll, express lie* belief that “unless the sand is from a hank of known 
(|uaiity it is even more nec(‘ssiirv to test the sand than to test i\w 
c(‘ment,” and they refer to the tests recommended by the .Joint Com¬ 
mittee on Conerete and Iteinforced ('onerete in 1909, as follows: 

“.Mortars ctunposi'd of one part Portland cement and three parts fine 
aggn*gate, liy weiKlil, wlicii made into briquettes should sh<>w a tensile 
Hlrenglh of at least 70per cent of the strength of 1:3 mortar of the same 
consistency made with (he sam<* ccnn'nt and standard Ottawa sand. To 
avoid the removal of any coaling on (he grains which may afTccl Ihcstrcngth, 
bank sands should not be dried befon* being made into mortar, but should 
contain natural moisture. The percentage of moisture may be determined 
iipim a sepiuato sample for correcting weight. I'Yom 10 to 40 per cent, 
more water may be required in mixing bank or artificial sands than for 
Hlandunl Ottawa sand (o produce the same <*onsistency. 

•'.Since the relative strength of sand mortars, which are free from organic 
or other mipunties, is g(*verned hv the sizes uiui relative sizes of tlie grains, 
mechameal analysis tesi> an* r(*coimnended by the Hemforeed (’onerete 
Committee of the National Association of Cement Users, 1909, as frequently 
of great value in selei-ting a .sand 

“The n'lative stnaigtli of mortars from different sands is largely affected 
liy the size of the grams A coarse sand gives a stronger mortar than a fine 
one, nn<l generally a gradation of grains from fine to coarse is advantageous. 
If a sand is so fim* tliat mori* than 10 per cent, of the total dr>' weight passes 
a No. 100 sieve, that is, a sieve having 1(X) meshes to the linear inch, or if 
more than 37) per ri*nt. of tlie total dry weight passes a sieve having 50 
inenhes to tin* linear inch, it should be rejected or usetl with alargeexcess 
of M'liient. 

“For the purpow* of comparing the quality of different sands a test of 
the moi'hanical aimlvsis or granulometric composition Ls re(*ommended, 
although this should not be su)>stilut<*d for the strength lest. The per¬ 
centages of th' total weight passing each sieve should be recorded. For 
this test the following sieves are rtK'ommendctl,* 

' 8hAPt brAW p<‘rfi)rBt«J viih nmuii holt-* paiviea the maOria! more quickly tbAO aquare 
holfle Round hol<*« cornupoudnn: to «u'\v* .\y 8, 20 «i>d .50 rf«poriively are approu- 
maUly 0 125, 0.050i 0 020 in diimctvr 
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0 250 inch diameter holes* 

No. 8 meah, holes 0.0955 in. width, No. 23 wire 
No. 20 mesh, holes 00335 in. width, No. 28 wire 
No. 50 mesh, holes 0.0110 in. width, No. 35 wire 
No. 100 mesh, holes 0.0055 in. width, No. 40 wire 

“Yo determine the percentage of organic impurities, the silt can be 
refnoved from the sand by placing it in a large bottle and washing it with 
several waters. The wash water is evaporated, and the residue is screened 
through a No, 100 mesh sieve to remove coarse particles which do not affect 
the strength. The silt passing this sieve is weighed to obtain the percent¬ 
age of the original sand, nn<i tlien ignited in a platinum crucible todetermino, 
after driving off the water, the percentage of combustible organic matter. 
Altlouigh data on the .subject are incomplete, tests by Mr. Thompson tend 
to indicate that if the silt in a sand has more than 10 per cent, organic 
nmlter, and at the .same time if the organic matter amounts to over 0.1 
per cent, of the total sand, the use of the sand may be dangenius.’’* 

Crushed stone and gravel should lie inspected as to character, 
(piality, and condition afte r the same general manner used for the sand. 
The (■hiiracter of the material, particularly with reference to its sound- 
noHs and suitability for tlie work in hand, is of iniportanco bwauso there 
i.s a great difference in the character and hardness of tin? different stones. 
Particular care should Im‘ taken to obtain sound stone that has not weath¬ 
ered baiily. 'I'hc limestones may bo distinguished from the quartzite 
and I raj) rocks liy llie usi* of hydrochloric acid, which produces offer- 
vtwiMiee when a[iplied to the limestone. Care must be taken to have 
stone which is reasonably clean and free from dirt, in order that the 
cement may bond the stones securely. 

It is desirable to make mechanical anBly.sc8 of the aggregate from time 
to time in the same general manner as of sand, in order to get the 
densest and most economical mixture. The mechanical analysis of 
sand i» descrilM-d in Volume III. 

Brick.—Brirk should be examined to make sure that deliveries are in 
accordance with the contract, ami that the brick an* similar in hardness, 
size, shajx*, imjMTviousnoss, composition, color, etc., to the sample 
submitted. The brick should also bo clean and free from any foreign 
coating wluch would prevent good l>ond with the mortar. In certain 
classes of work, absorption tests must be mode to determine the 
porfMity of the brick. 

Reinforcing steel should be examined when delivered, to make sure 
that it conforms with the bill of materials, and the cross-scetlons of the 

' A No 4 sievp, hnving 4 mriihf# ppt fiorar inrii. pmw<m approKimatpiy thr lamo nm 
icrainn w * MPve with 0 2o Uianu'ter boW 

• Sm “ ImpuritiM in .Sand for Conwtr ’’ by Hanford E Tboropaon. r»«M. Am. &oc. C. S., 
190!) Tbe aubi«rt w al«<> ducuMsd in CbaiiUrr XIII under Mortar. 

3 
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different rods sliould be measured. It is desirable, of course, that the 
iiiateriid should be received free from rust and mill scale, but absolute 
adherence to thi.s re(|uirement is difficult of attainment in practice and 
will involve Hubslantial cost which is generally not warranted in view 
of the [irotective effect of mortar upon the steel. Any serious rusting 
or pitting of the, material should, however, be sufficient cause for its 
rejection. 

Miscellaneous.—dates, valves, and other specials should be examined 
to make sure that the correct number of the various sizes as called for in 
the order are delivered, that they eonform with the specitieations, and 
that they have not been damaged in transit. 

All other mateiials delivered tor use in the work should be thoroughly 
examined to make sure that they are suited for the work required. 

It is the inspector's duty to require and .secure the quality of work- 
maiiship reipiired by the contract. To this end he should satisfy himself 
that jiipc inverts are smoothly laid and set to the proper grade; that 
joints are prepareil a.s reipiired by the eontraet; that all .surplus jointing 
material is icmoved from th(> inside of the jiipe as the work (irogresses; 
that water in the trench is kejit below and from within thejiipeuntil 
the joints arc jicrfectly set; that concrete is mixed in projier proportions 
and of suitable consistency and placed in a satisfactory manner; that 
concrete forms are erected to the lines required, and so constructed 
as to secure a satisfactory surface and to prevent loss of water 
through iiiqaufect joints. 

Excavation.—.\lthough inspectors often consider that excavation and 
backfilling require but little or no inspection, it i.s, on the contrary, very 
inqiortant that due attention be given to tliLs branch of the work 
throughout the entire period of construction. In fact, eareleasnes.s in 
excavation or m backlilhng may be the cause of great inconvenience and 
heavy linaneial loss, due to the settlement of the surrounding ground and 
the adjacent buildings, cracks in or deformation of the structure being 
built, and like trouble,s. 

To iirevent the occurrence of such settlement, it is very important 
that the inspector should be keen in his observations of the excavation to 
make sure that no unnecessary materials are excavated, either directly 
or indirectly, from outside the trench line: that the bracing of the trench 
is sufficient to pri'vent settlement, and that the sheeting is kept 
driven sufficiently in advance of the excavation to prevent inflow of 
materials at the side of the trench. Where quicksands are encountered, 
the greati'st precautions should be taken to prevent lioiling of the 
sand with its resulting tendency to cause settlement of the surrounding 
lerritorv. 

Ill this connection, when material is to lie traversed of such a 
nature or under such conditions as to be likely to displacement or 
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flow, which may cause serious or dainairiuK settlement of adjacent 
structures, it is well to take photographs (which should lie dated on 
the negatives) of the adjacent buildings and to take a sufficient 
number of elevations upon the buildings so that complete informa¬ 
tion may be had as to the condition oi these buildings Iwforc and 
after"the execution of the work. .Such information may be of the 
greatest value in case of litigation. 

Precautions should also be taken to prevent the excavation of material 
from l)elow grade except where its inferior (piality nspiires its removal 
and replacement with more suitable material 

Backfilling.—Careful and faithful baekfilling is of the utmost impor¬ 
tance, although frequently .seriou.sly negleeled. Where underdrains are 
laid lameath sewers, the ins|HTtor must sis' that they are pro|M'rly laid 
and surrounded with serts'ued gravel or crushed stone and that the refill¬ 
ing below subgrade is thoroughly done, that there may be no danger of 
settlement of the sewer. 

I'nderdrains for filler beils may require .s[x'eiul treatment, in which 
case the information in the s|H'eifieationa and drawings should be such 
as to afford the inspector, ns well as the eontraelor, his insIruelioiiH. 

The material used in baekfilling around pi|X‘ sewers should lie fine and 
free from lumps, well tamis'd beneath and adjacent to the sides of the 
pijM'S, and in t to li-m. layers until the pipe has bis'ii covered from fi to 12 
in. in dejith, and where settlement of the surface is to be jirevenled, the 
remaining backfilling should also be placed in layers, each thoroughly 
tamped. If the material is duiiqs'd from a height exceeding .') ft. above 
the toji of the iiiasoiiry or pijx' its fall must be broken by a timber 
grillage or oilier mean.s, so that no lianiage will occur to the structure. 

If the baekfilling around and lieneath the pijM' is not carefully and 
thoroughly placed, there is a tendency lor the earth to settle away from 
the pijie and leave it without sup|)ort, so that the weight of the super- 
imiwsed earth may deform the pipi' and cause ultimate failure. 

Removal of Sheeting.—.Sheeting driven below the springing line of a 
sewer should not la' withdrawn tinh'ss absolutely necessary, as it is 
extremely difficult to fill the voids thus left, in which case the structure 
does not have the support it shouhl from the banks of the trench. 

If the sheeting is drawn after the trench has ta»n backfilhal, and 
especially if it has lavn driven tadow the springing line, care should be 
taken to fill the voids thoroughly so as to prevent the ultimate slumping 
of the earth already backfilled around the pi|)c. One way of accom¬ 
plishing this Ls to withdraw the sheeting a little at a time, as the back¬ 
filling progresses, and to force some of the partly backfilled earth into 
the void thus left by the withdrawn sheeting by means of a water jet, 
consisting of a 1-in. garden hose terminating in a piece of .3/4-in. water 
pipe. This pipe nozzle can then be forced down through the backfilling 
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and by moving it up and down the partly backfilled earth may be 
waahed into the void, thus compactly filling it. This pipe, if of sufficient 
length, may be operated by a man on the surface without interruption 
of the bsckfilling. 

Where it is considered that the backfill is liable to settle, it is not 
desirable to replace the paving in its final position until time has been 
allowed for this settlement. Consequently paving is frequently placed 
in a temporary manner, so as to permit the passing of teams and traffic 
with safety during the period of settlement. 

Final Inspection.—Notwithstanding that the daily inspections may 
have been thorough and painstaking, a complete and systematic inspec¬ 
tion of the entire work should be made before it is accepted. 

The engineer should walk through the entire length of all large sewers, 
with a powerful lamp equipped with a good reflector, to observe critic¬ 
ally their physical condition, cracks, abrasions, leaks or defects or weak¬ 
nesses of any kind, and the presence of foreign substances, such as lum¬ 
ber, bricks, and debris. 

In passing through tunnels, test should be made frequently by striking 
with a long and heavy bar for hollow sounds resulting from incomplete 
filling of the entire excavation outside of the tunnel lining. If any such 
points are found their location should be noted and marks should be 
placed directly upon the masonry to aid in re-location. Such voids 
should thereafter be completely filled with rich cement grout, by meons 
of a powerful force pump. 

All small sewers should be systematically inspected by means of light 
thrown in either by reflecting sunlight, powerful electric lamps with 
reflectors, acetylene lamps, or by means of floating lamps or candles. 

If there ap|iears to be considerable leakage into the sewer, it is well to 
measure it as accurately as practicable at a time when conditions are 
favorable to infiltration. At certain seasons of the year there may be 
little or no infiltration because the sewer lies above the surface of the 
ground water, while at other seasons it may be under considerable head 
and the quantity of leakage may be large. Under conditions favorable 
to infiltration nn average leakage as low as 5000 gal. per day per mile of 
sewer may lie considered to have reached the practical minimum, 
although if this quantity of water finds its way into the sewer at a single 
point or in a short length of sewer, the leakage may be considered 
excessive and the rc-eonstruction of the sewer at this point or locality 
may be warranted. The subject of leakage is discussed in Volume I, 
page 182. 

It is difficult to fix upon the maximum quantity of leakage which 
^ould be permitted and beyond which the sewer must be repaired or 
re-faud. One principle to be borne in mind is that it is useless to tear up 
and re-build a sewer to prevent leakage if the conditions are such that 
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there is a probability that the re-conetrueted sever may letlc ai much 
aa the one taken out. The time to prevent leaka^ is when the sewer 
is being built. If, however, in spite of the most careful work and 
rigid inspection, it develope that there are serious leaks in the kw«, 
those portions through which the water finds admission should be taken 
up and re^nstructed, or the sewer may be encased in masonry if the 
leakage is localised. 

Leakage.— By noting the increase in the rate of flow from manhole to 
manhole or section to section, it may bo possible to locate the sections of 
the sewer furnishing the larger portions of the leakage. By damming 
the flow just above this section of the sewer by means of movable 
plugs, sand bap, or other devices it may be possible, by means of reflected 
light, to locate the source of leakage within the section. If such leakage 
is found to be local, the spot or spots should be excavated and the sewer 
or the house drain, as the case may be, should be repaired or re-laid. 

In connection with the damming of such sewers for the purpose of 
inspection, care should be taken to make sure that neither the sand 
bap nor the plup wliich may he used are forced into the sewer, lest the 
sewer be thus plugged in a manner which it may be very expensive to 
remedy. 

The entire district in which sewers have been laid should be traversed, 
and the backfilling carefully inspected and notes taken of any pave¬ 
ments which should be replaced or trench which needs repair. 

Relations of Engineera and Inapectoct to the Contractor.—So many 
and varied conditions affect the relations existing between the engineers 
and inspectors and the contractor that no specific rules of conduct can 
be formulated which the engineera and inspectora can follow in all cases. 
The engineer is usually in the position of judge rather than advocate, 
and it is for him to interpret the contract fairly as between the sometimes 
conflicting interests of the two parties to the contract. This position is 
often a difficult one, requiring experience, a judicial temperament, self- 
control, tact and firmness. 

Much difficulty may be avoided by carefully prepared contract, 
specifications and drewinp showing the work to be done with accuracy 
and in detail, based upon a pneral scheme well thought out and studied 
in advance. Under ide^ conditions, the contract, specifications and 
drawinp will tell the contractor exactly what is to be done and be can 
base his bids upon a nearly complete knowledge, the only questions 
remaining being those raised by conditions which cannot be known 
in advance. Ideal specifications and drawinp rarely if ever exist, but it 
should be the effort of the engineer to make his approach the ideal as 
closely as possible. 

A s|Mrit of active and friendly co-opoation with the contractor should 
always be cuHivatod by members of the engineering corps in the intemit 
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of Rood and rapid construction. Under such conditions, good mutual re¬ 
spect is usually soon established, and if the questions arising in the inter- 
predation of the contract arc decided in the light of common sense and 
fair dealing, the work should proceed under harmonious and favorable 
conditions. It is the duty of engineers and inspectors to secure the 
(|uality of work required by the specifications, which quality should be 
defined in them as accurately as possible. As a rule, it is scarceljt more 
exf)enaivc for the contractor to provide first-class workmanship than to 
do the work in a careless and slovenly manner. If this principle is 
recognized by the contractor, and his work is so planned as to be skillfully 
handled, much will have been accomplished to secure harmony between 
the engineering force and the builder of the sewer. 

MEASUREMENTS AND ESTIMATES 

Preliminaiy Measurements.—The necessary measurements de|>end 
largely upon the method of payment stipulated in the contract. 

In trench work, if payments arc to be made on the basis of “unit 
prices,” a jmjfilc upon the center line, using stations in eoinmon with 
those used in laying out the work, should be made, and where ledge is 
encountered at an elevation above subgrade it must be profiled before 
being removed. These measurements arc made the basis of payments, 
and must be accurately made and recorded. 

Where the contract provides for payment on a "per linear foot of 
trench” basis, the above profiles are desirable for record, although not 
absolutely necessary. 

For sewage treatment works and other structures, the surface for the 
entire area to be excavated should be cross-sectioned, together with all 
areas of ledge eacountcred at the start or during the progress of the work. 
All features calling for special payment under the contract should bo 
measured up in advance of the work, such as the number of square 
yards in all pavements to be removed, the area and average depth of all 
top soil to be removed and reserved for future use, and the linear feet of 
piping to be taken up and re-laid. 

All the pipes and other structures encountered by the excavation 
during the progress of the work should be carefully located and a full 
description reconled as a part of the permanent record. 

Final Measurements.—In trench work the length of each size of pipe 
should be recorded as laid in each section of the work, and an accurate 
record made of the size, location and description of all branches and 
specials built te the woik. Unless the engineer is constantly upon the 
woric it may not always be practicable to secure ties to all branches 
before they are covered. Where this is impracticable, the inspector 
should provide a suitable marker which can be measured when the 
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engineer is next available. This is sometimes done by placing at the 
branch a long pole which extends to the surface of the street. Other 
engineers require a proper mark upon the sheeting or a stake driven at 
one side and “ tied ” into the branch. Many mistakes have occurred in 
the location of branches due to these indirect methods of measurement 
and it is preferable to require that the branches be left uncovered until 
measurements arc taken. All structures such as manholes, catch basins 
and flushing chambers should be measured and carefully recorded 
immediately upon their completion. The length, siic, location and 
method of construction of uuderdrains should be accurately measured 
and recorded. All sheeting “left in place" should be recorded, showing 
the location of the some together with its length and dimensions. 

For sewage works and other structures the grade of all finished 
excavations should be taken by means of cross-sections on the same sta¬ 
tioning as were the original cross-sections, and the limits of ledge ex¬ 
cavation should be clearly shown by the records. 

Estimates.—Although the contract may only require the making of 
monthly and fimd estimates, it is frequently desirable that the engineer 
make approximate <laily estimates of certain portions of the work. For 
example, where a concrete structure is being built, it may be desirable 
to make daily estimates of the quantity of concrete placed, and compare 
them with the record of the quantity of cement and aggregate used. The 
quantity of concrete produced by the use of a given quantity of cement 
and the retpiired pro|H)rtion8 of aggregate may be determined approxi¬ 
mately by the use of iVm B.- Fuller’s formula. A comparison of the 
quantity of concrete actually placed with that computed in this way 
may disclose errors in mixing, or in the size and placing of forms. 
Fuller's rule is simple and may be expressed as follows; 

“ Divide 11 by the sum of the parts of all the ingredients, and the quotient 
will be the number of barrels of Portland cement requited for 1 cu. yd. 
of concrete. The number of barrels of cement thus found, multiplied 
respectively by the “parte" of sand and stone, will give the number of 
barrels of each required for 1 cu. yd. of concrete, and multiplying these 
values by 3.8 (the number of cubic feet in a barrel), and dividing by 27 
(the number of cubic f<a-t in a cubic yard), will give the quantities of sand 
and stone, in fractions of a cubic yard, needed for 1 cu. yd. of concrete. 
To express this rule in the shape of formulas: Let c •• number (d parts 
cement; s -= number of parts sand; g - numirer of parts gravel or broken 
stone; then P =■ 11 + (c + s -b g) - number of barrels Portland cement 
required for 1 cu. yd. of concrete. iSPg/21 - number of cubic yards of 
stone or gravel required for 1 cu. yd. of concrete.” (Taylor & Thompson's 
“Concrete,” second edition, page 16.) 

Measurements should be taken monthly eovering the total amount 
of work done to date under each of the items of work as enumerated in 
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the contract. These measurements should be approximately complete 
and serve as the basis of the monthly estimates upon which the con¬ 
tractor draws his intermediate payments. 

At the completion of each portion of the work and at the completion 
of the entire undertaking, final measurements should be taken with 
necessary accuracy, to determine the actual amount of work performed 
upon which final payments are to be made to the contractor. The 
computations for these final statements should be carefully made, 
systematically arranged on computation sheets, thoroughly and intelli¬ 
gently checked, and carefully preserved as a part of the construction 
records. 


RECORDS 

All records made in staking out sewer trenches and structures should 
be preserved in standard note-books. Such records should be syste¬ 
matically arranged, so that all steps are shown and are easily intelligible. 
They should be thoroughly indexed during the progress of the work. 

For sewer work these notes should show not only the elevation of the 
invert for each station where grades arc given but a'so the rate of grade, 
or slope of sewer, the size of sewer, the elevations given upon the batter 
boards or grade jmgs, and all level notes by means of which such eleva¬ 
tions arc given. All secondary readings given in “checking up” of 
grades should also be recorded. A form of notes suggested for the 
staking out of sewers is shown in Fig. 10. 

It takes but a little time to record the character of the soil encountered 
in trench excavation, and it is highly desirable that such records be made. 
The information may be of service not alone to the department for 
which the work is undertaken, but also to other departments, public 
service corjmrations and private parties having occasion later to excavate 
in the same locality. Such records should show the characteristics 
of the various soils, ledge, etc., together with a memorandum as to the 
elevation of ground water, note being made of the season of the year, the 
weather and temimrature to afford as much information as possible as 
to the conditions existing at the time the data were recorded. 

Accurate location of all pipes, culverts, conduits and other buried 
structures encountered in the excavation should be made and recorded 
permanently. Each sheet should be dated and the initials of the 
note-taker presciwed. 

All official computations should be made on standard computation 
aheets, eacbwiheet being headed with a description of the computation 
involved, together with the date and initials of the computer, each in a 
space allotted for it near the head of the sheet. To prevent loss of 
such sheets during computation, it is desirable to keep them at all times 
in a ring-book, and when any set of computations is completed they 
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ihould be fastened together on the left-hiuid edge, so that they may still' 
be used in the ring-book if desirable, clearly marked on a title page, and 
if not required for frequent reference, liied away. Ail such omnputation 
sheets should show the source of all information by means of referenoe 
to the note-books, diagrams or other data used in the computation. 
The summarized findings should alwaje be clearly indicated to save 
time in assembling and checking data. The use of red ink for record¬ 
ing the results will save time and lessen the chance for oversight. 



Fto. to.—Form of notes for staking out sewer grades; kept on facing pages 
of note-book. 

Eaoh of the two paxM of tbU ooto'book U 4| in wide tnd 7 in high. Tho ruling on lb« 
left-b«nd pagen ia bluo wHb every fourth vertienJ line red, while tbnt on tb« hghi'iwnd PMM 
ia blue exeept for n vertical red line down the center. The linee are Vk in. apart vartiMily 
and horiaonlaJIy. The date of the work and the initiala of the inatrutnentmi^ rodman and 
D(He>taker abouJd he placed on the top of one of the pagea. 


Each field note-book should be thoroughly indexed within its own 
covers on pages allotted for the purpose at the beginning of the book. 
This index should also he recorded in a general office index, either in a 
book provided for the purpose or in a card index. 

As the completed structures rarely conform exactly with contract or 
preliminary drawings, it is important and customary to provide, at the 
completion of the work, record drawings showing in detail the struotures 
as finally completed. 

Record drawings may be provided by msking alterations upon the 
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tracings of the contract drawings, altliough usually it is better to make 
new drawings for this purpose. One reason why this latter course is 
|)roferable is that it makes it jMjssiblc to preserve unaltered the original 
preliminary or contract drawings. Either the originab, or copies of 
contract drawings, should always be preserved for future reference, at 
least until final settlement has been made with the contractor and all 
claims for damages arbing out of the contract have been fully satisfied, 
and where practicable, it is desirable to keep them indefinitely, as 
questions arc likely to arise in the consideration of which the contract 
drawings may bo of considerable value. 

Record drawings should show the exact location and dimensions of all 
s|)ccials, branches, house connections, manholes, flush-tanks, catch- 
basins, inlets and the details of all other structures built. They should 
show the elevation of inverts and the slopes of sewers, and should have 
upon them references to note-books containing the data upon which the 
drawings are based. 

Record profiles are often made and are frequently helpful in future 
studies. They may be placed upon the sheets upon which the other 
record drawings are made, or they may be drawn upon separate sheets, 
as proves more desirable. They should show the kind, .size, slope and 
elevation of the sewer, and where practicable, it may be well to indicate 
the kinds and stratification of the materials excavated. They should 
show the location and names of cross-streets and alleys, and location of 
pipes, conduits and other structures encountered. 

In moat coses a scale of 1 in. to 40 ft. will be found practicable and 
moat convenient for record drawings and for record profiles 1 in. to 40 ft. 
for the horizontal scale and 1 in. to 4 ft. for the vertical scale. 
Elevations and sections of delaib arc imderably made on a scale of 
1/4 in. to 1 ft. or 1/2 in. to 1 ft., depending upon the size and character 
of the detail. 

Tracing cloth of the best quality has proved satisfaotorj' for record 
drawings. Where the drawings are subject to frequent use, prints 
should be provided, bound in loose leaf covers, and the original 
drawings, laid flat, should be filed in a drj', fire-proof vault. The 
originab should be used only for the reproduction of prints and for 
making additions or corrections from time to time, as may be required. 
The older practice of using egg shell paper mounted on muslin for record 
drawings has the distinct advantage that changes can be made without 
serious injury to the paper. This material, however, b subject to the 
great disadvaatage that reproduction from it can only be made by trac¬ 
ing or photography. 

Record profiles are preferably made on tracing cloth, although the 
comments already made with reference to other record drawings apply 
to the record profiles. As all papers and cloths are subject to shrinks^, 
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it is desirable upon important work to provide vertical and horitontal 
graphical scales, from which the amount of shrinkage in either direction 
may be determined. This, however, is rarely done and will probably 
prove of little use if all dimensions arc shown, which is very desirable. 

Photographs should be taken liefore, during and upon the completion 
of all »work. It is highly desirable that these photographs should be 
taken at comparatively regular intervals in order to give thereby a clear 
conception of the rate of progress of the construction work. If it is 
fHMsible to select a few points where periodical photographs may be 
taken with the camera jMiinted in exactly the same direction eaoh time, 
the uniformity of the view will be of great help in comprehending the 
progress wliich has been made in the interval between consecutive photo¬ 
graphs. Soiaetinies it may prove desirable to erect a semi-jiermanent 
scaffold or stage at two or three well-rhoscn points, so as to elevate the 
camera and thus prevent to some extent the foreshortening which may 
take place when the camera is used from the surface of the ground. 

Photographs are useful in many ways. They serve to convey to the 
owner, chief engineer and others who are interested in the work but 
arc unable to watch its progress, a clear conception of the progress of the 
work. They serve ns a record which often carries more weight in legal 
proceedings than does a w'ritten report. The fact that systematic and 
well-ehoscn photographs arc preserved may deter parties from pursuing 
doubtful claims through the courts. Photographs showing the details 
of construction are a valuable record of methods of construction. 

Each photograph should be assigned a number conforming to some 
dehnitc system of numbering and each plate and film should be per¬ 
manently marked with its assigned number, its date and a brief descrip¬ 
tion to identify it. It is desirable that this notation should be on the 
gelatin side of the films and plates and the lettering should be executed 
backw'ard or in reverse type (photoscript) so that in printing, it may 
be easily read. 


COST KSEPmG 

Well kept records of the cost furnish the engineer and sower builder 
with information which may be useful in forming estimates for future 
work of similar nature conducted under similar conditions. Such 
records, provided they are promptly and accurately worked up, enable 
the engineer to ascertain during the prop-ess irf the work the degree of 
efficiency developed by the organisation. With this information it is 
frequently possible for the engineer to call the attention of the oon- 
tractw to conditions which are the cause of inefficient results, thus 
enabling the contractor to place the work upon a more profitaWe 
W here the work is being done by direct labor an effective system of cost 
accounting may result in a large saving in expense. 
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KecessaiyData.—Informadon 
sKould be recorded under main 
diviaions of engineering and su¬ 
pervision, labor, materials, ma¬ 
chinery and tools, and overhead 
charges of contractor or direct 
labor organization. 

All labor employed should be 
classified according to the rates 
of pay and the work performed 
by the several classes of labor, 
such classifications being made 
under each item of work for 
which separate payments are 
provided in the contract. If the 
work is divided into sections, 
then similar records should be 
kept separately for each section 
of the work. 

Similarly for each item of the 
contract in each section of the 
work a record should be kept of 
the kind and grade of material, 
rated according to the price paid 
for each. 

Similar classifications and dis¬ 
tributions should be kept under 
this heading for each type of 
machine and for machines of va¬ 
rious rental rates. 

There are many items the cost 
of which cannot be directly 
charged to any one part of the 
work. Such charges may be 
anticipated, in part, at the out¬ 
set, and the cost distributed pro 
rata to the several subdivisions 
of the entire work from month to 
month as the work progresses, in 
order that each item may bear 
its proportional part rrf the en¬ 
tire expense and thus be on a 
comparable basis at all times. 
At the close rtf the woric, and 
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in large undertakings at intermediate times, such figures should be 
competed with aocuraoy and the preliminary figures revised accordingly. 

The overhead charges and the incidental expense to be thus distributed 
will include the following items: Field office rentals; salaries of superin¬ 
tendents, timekeepers, bookkeepers and clerks; cost of office labor 
and supplies; maintenance and depreciation of vehicles; rental; value 
of horses and carriages; cost of transportation of labor; telephone 
charges, insurance, liability insurance, and miscellaneous expenses. 
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Fig. 11.—Daily force account blank (face). 


To obtain such records, systematic methods must be adopted, and 
these methods will vary according to the character of the work involved. 
The engineer in charge of such records should have a clear understanding 
of construction methods and also a grasp of commercial methods, and he 
should have an analytic mind and be able to interpret the statistics and 
reoords thus obtained. He should have such assistance as will enable 
him to collect the information as well as to record and summarise the 
same. 

It is frequently iiossiblc to have the field inspector record the labor, 
materials, and maciunery employed in the work, under the direction of 
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the cosUkeeping engineer, to whom the notes diould be sent dsily, ah 
though it may prove more desirable to have an entirely independent or¬ 
ganisation for the purpose. Above all, the material should be promptly 
worked up so that the cost data may be compared with the montUy 
estimates. 

Ptinted Forms.—It is desirable to have forms printed so as to reduce 
the labor of entering and classifying the many iteiiis in the field, and to 
insure the proper subdivision of the items, es{)ecially if such information 
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Fio. 12.—Daily force account blank (roversc). 


is to be collected by the field inspectors. In the latter case, cards should 
be provided so that the information may be sent to headquarters by 
mail or coUeoted by a clerk of the department daily. 

The blank shown in filgs. 11 and 12 has been found very convenient 
for records made by the field inspectors. These forms measure about 
8X7 in., may be folded and carried inside of the regular field note-Ixxdts 
and may be held in place by a rubber band or a string. The total foree 
is recorded in the first set of double columns, whereas the subdivisions of 
the forces are made in the cedumns following, appropriate headings being 
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filled in for each. On the right-hand portion of the revenemdeproviaioii 
is made for the record of the daily progress, while on the left h«i«i por> 
tion is space for sketches or profiles and records of supplies reoeivad, etc. 


Form D— Gkkkral and Ovcrhsad Cbarocs 
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These force account records should be submitted to the cost-keeping 
engineer daily, and the information contained therein should be at once 
mtered on blanks prepared for the purpose. On Form A the daily 
amounts of labor are recorded on separate sheets for each claasifioation 
into which the accounts are subdivided. Where only a few claases of 
labor are employed, thus requiring but a few lines for each month’s 
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record, records of several months may be placed on one sheet, thus 
economizing space. The quantities of materials and supplies are 
recorded on Form B. Where numerous installments of a given article 
are anticipated during the progress of the work, it is desirable to reserve 
a sheet for each classification, although several such groups may be 
placed on one sheet whore only a few items of each are anticipated- 
As the material supplied in one month may serve its purpose during 
the following months, it is desirable to distribute this cost over the entire 
period during which it will be used, and if it has value at the completion 
of the work this value should be noted, as shown in the last column. 
For instance, the 2 X 8-in. plank used for trench sheeting, purchased in 
March, may not lx; all userl until the following month, and then in all 
probability it will be withdrawn and used again and again. Its cost 
has, for the purpose of illustration, been divided as follows: March, 
30 per cent.; April, 25 per cent.; May, 20 per cent.; June, 15 per cent.; 
July, 10 per cent.; after which the lumber is assumed to have no value; 
whereas the ee)at of the lumber purchased July 15 is distributed through 
the months of July, August, September and October, and 15 per cent, is 
shown as salvage at the completion of the work. 


Foru E2,— Summary or Labor Costs in Pipe Latino 
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In a umQar way the expenditures for tools, equipment and repairs 
are recorded on Form C. The general and overhead charges will lie 
ascertained by the cost-keeping enpneer and will be recorded on Form 
D and similarly distributed. 

The results obtained and recorded on the forms just described are 
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summarized on Form E. In addition to the summarized detail oosta 
recorded herein, the unit costs should be worked out and recorded, with 
a separate blank for the several divisions of the work, such as earth ex¬ 
cavation, pipe laying, refilling, re-paving, etc. We are thus able to com¬ 
pare the unit costs, month by month, for each of these divisions, each 
subdivided into labor, materials and supplies, tools, equipment and 
repaire, overhead charges, and total unit costs. 

If it is desirable to have this detailed information weekly instead d 
monthly, as shown on these blanks, four or five additional lines may 
be allotted to each month instead of one line ns shown, and the 
weekly figures may be inserted in small figures in pencil or in an ink 
a different color from the monthly record, without great additional 
labor or confusion. 


PROGRESS 

At the close of each day the inspector should record the stations to 
which the several parts of his work have advanced during the day, such as 



trench bottom, pipe laid, excavation (in zones), pavement removed 
backfilling partially complete, backfilling complete, etc. 

Unless the daily measurements are sufficiently accurate and if the 
weekly cost accounts are to be worked up accurately, addition^ 
measurements should be taken to show the progress made during the 
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week. These records should be entered on the appropriate daily 
report blanks. 

The monthly measurements taken primarily as a basis for the monthly 
estimates of payments due the contractor should be recorded in such a 
way as to show the progress made during the month and in such detail as 
will permit the determination of all the unit costs desired by the cost- 
keeping engineer. * 

Actual and Required Progress.—It is desirable to formulate at the 
beginning of the work a schematic outline of the progress required for its 
completion at the time specified. Such an outline may be shown in 
tabular form or by a diagram. Progress data procured at the intervals 
selected may be tabulated or plotted upon the diagram, using the 
calendar weeks or months as absci-sstas and the accumulated sum of the 
man-days of labor, cubic yards of excavation, feet of sewer pipe laid, or 
other pertinent unit, as ordinates. By comparing the actual progress 
made with that anticipated at the outset, it is possible to ascertain at any 
time how close to the original forecast the work is being executed. 
Such schedules may l>e helpful to the contractor as well as to the engineer, 
enabling him to gage his force and to provide plant so as to attain the 
required rate of progress. In addition to the chart showing the total or 
general progress of the undertaking separate charts may be required for 
different sections of the work and for different portions of the work upon 
each section, as for example, for excavation, for pipe laying, for placing 
concrete and for backfilling. A chart for recording progress is illustrated 
by Fig. 13. 

COST OF ENGINEERING ANB SUPERVISION 

The cost of engineering and supervision depends upon the size of the 
project, the extent of preliminarj- investigations, surveying and mapping 
required, the thoroughness with which studies, designs and contract 
drawings are executed, the amount of care and watchfulness put onto the 
construction, the difficulties encountered in building the works, and 
many other conditions, all of which make it impossible to state any 
proportionate amount of the cost of the complete project which must be 
devoted to engineering. In a general way the cost will range from 7 1 /2 
to 16 per cent., although there are many cases in which it will exceed the 
upper limit and in some cities where there are regularly organized depart¬ 
ments doing a nearly uniform amount of relatively simple work from 
year to year it may fall to 5 per cent, of the total cost of the projects. 

These costs often include, or are closely related in the accounting 
system to, the expenditures for rights-of-way, damage suits and sundry 
other items. Upon contract work aggregating nearly four million dollars 
at Ixniisville the expenditures were as indicated in Table 4. The 
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pwU«^ ^se. cover such work m KqxigrMiio eurvey mnA 
j preparation of general eoh^^X tlie 

^«iou^ httle oonstruction work was executed during the first two years 
*nd only a relatively email amount in 1912. 

Tabib 4.-Di8TiiiBiJTio»t or Expanea IwctUDmo pAVWOTe w 
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86.63 

*3,797,260.70 I 100.00 


lt«m 


tion expezuee. 

Adminiatration. 

Kngineenng. 

Rights of way. 

Caatinga and other metal woric supplies., 
Damage suits (exclusive of rights of ^ 
Amount of payments to contractore 


n,!. U a . .—* wrof ♦wu,uou was aone Dy direct labor. 

Where engineers are to enter into contract to provide engineering and 
ui^n^on they should exercise great care to set forth fully and ^y 
^t what work IS covered by the agreement. Some engineers stipulate 
hat such a contract shall not cover services in court arising out of 
tagation and in any event this item should be specifioaUy mentioned 
k wo- “ *® ^ “P°“ ® percentage or lump sum basis. The 

rotabihty of delay in completing the work covered by oonstruction 
mtract should also be taken into consideration and it is entirdy 
■ATOMble for the engineer to be allowed additional compensation tor 
teh day of delay in such completion or for the cost to him resulting 
such dday as may occur. 
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EXCAVATION 

The excavation is usually the part of sewer construction most im¬ 
portant to the contractor, as ui>on it the most money is generally made 
or lost. The cost of work done under this item and for which there 
is usually but one payment covers a multitude of things, among which 
may he mentioned the excavation proper, handling water, sheeting and 
bracing, backfilling, re-))aving, hauling waste material to the dump, 
rental of machinery, coal, oil, waste, minor repairs, and the larger portion 
of the overhead charges, such as office rent, capital charges, and com¬ 
pensation for time spent by the contractor and his superintendent. To 
excavation must also be charged a part of the cost of employees not 
actually engaged in c.xcavating, such as engineers, firemen, tagmen, 
watchmen, timckeei)ers, bookkeepers, and a number of others. 

To handle excavation to advantage requires good management and 
excellent judgment on the part of the contractor, engineer or foreman. 
Such judgment is the fruit of long experience in which he has had to do 
with materials of many kinds and under many conditions. He must be 
able to judge from his past experience how to handle the work, whether 
the excavation should be done by hand, or if by machinery, what type 
of machines and how many he will put on the work. It is not uncommon 
to find work much over-planted, which always results in excessive cost, 
and often in actual loss upon the whole contract. 

The materials entering into the sewer usually cost about the same as 
the labor required for its construction, but there is generally little profit 
to the contractor in the materials furnished. The chief profit comes 
through the economical handling of the work so that the labor cost may 
be reduced to a minimum. The element of time is also an important 
item which is often overlooked. It has an important bearing upon 
excavation. The longer the work lasts the greater are likely to be the 
overhead charges, and also the charges for machinery and the cost of 
engineers, firemen, tagmen, ete., and even larger items chargeable against 
unnecessary delay, such as the extra expense involved in carrying on the 
work under unfavorable weather conditions. Rapid work during the 
summer time, when costs can be kept low, may avoid a largp unnecessary 
cost which will result if the work is prolonged into the winter. A high 
charge against the contractor on account of liquidated damages for 
delay (rften inures to his benefit much more than to the benefit of 
the party with whom he contracts to do the work. 
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MATERIAL TO BE EXCAVATED 

A great variety of materials are encountered in sewer excavation, such 
as sand, gravel, loam, clay, hardpan, quicksand, disintegrated rook, 
boulders and ledge. These materials merge into each other so that 
frequently there is no sharp line of demarcation between them. Some of 
them also vary greatly from season to season. The surface materials in 
the northern and colder climate are relatively soft and easy to excavate 
during the warm season of the year, but in the winter become frosen 
and in some cases are nearly as exi)cn.sive to excavate as solid rock. 
Many trenches have been excavated with comparative case in dry 
weather, which would have been excavated with the greatest difficulty 
had the ground water been high and had fret|ucnt rains occurred during 
the progress of the work. These facts have often misled contractors 
who have based their estimates upon their observation of the way in 
which similar work was being done, or their judgment as to how it should 
be done, under favorable weather conditions. When overtaken by un¬ 
favorable conditions, such as rain and frost, easy and inexpensive work 
has Irccomc difficult and costly. While many different kinds of materials 
have to be excavated, there are two general classifications in common 
use in the drawing of contracts for sewers, namely, earth excavation and 
rock excavation. 

Classification.—Under earth excavation is included all excavation of 
earthy substances, except ledge rock or large boulders. 

The line of demarcation between earth and rock excavation is one 
which has caused much dispute and litigation. There is often no sharp 
dividing line between them, and the opinions and judgments of different 
engineers and contractors are often at variance upon this distinction. 
In the Kast there is generally not so much question as to the definition 
of rock as in the Middle and Western portions of the country, for in the 
East the rock is generally hard and not seriously disintegrated, in which 
condition it is easily distinguished from earth. Even in the East, 
however, there are cascs where the rock overlying hard ledge rook which 
requires, without question, drilling and blasting lor its excavation, is 
disintegrated to such an extent that it can be removed by the use of pick 
and shovel and without drilling and blasting. Such material is gener¬ 
ally classified as earth. 

Definitions of Rock Excavation.—In view of the difficulties and dis¬ 
putes which have arisen over the definition of rock the following quota¬ 
tions from contracts drawn by cnipneers of experience are given; 

“ Where rock is encountered of such hardness that it can be most econom¬ 
ically removed by blasting, the contractor shall remove the tame from 
the trench, and shall receive pay therefor ... at the price per cubic yard 
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for the rock excavation mentioned in the contractor’s proposal.” (Alvord 
and Burdick, consulting engineers, Chicago.) 

"Only such ledge or rock in trench as cannot be readily removed with 
a pick and shovel and requires blasting for its removal, and which has been 
measured by the engineer before blasting, and all boulders of 1/2 cu. yd. 
or more in volume which are removed from the trench, will be estimated as 
rock excavation. The bottom of the trench shall be excavated to a 
depth of 6 in. below the outside of the pipe, and shall be rehlled in a proper 
manner with suitable material.” (Bering & Puller, consulting engineers. 
New York.) 

"Only ledge rock as, in the opinion of the engineer, requires blasting for 
its removal, and boulders of 1/2 cu.yd.or more in volume, shall be measured 
and paid for as rock excavation.” (Bering & Gregory, consulting engi¬ 
neers, New York.) 

"Rock excavation shall include hard rock of such nature that, in the 
opinion of the engineer, it cannot be removed by picking or barring, found 
in ledge or detached boulders containing more than 1/2 cu. yd. each. All 
other materials found in excavation, however hard, stiff and compact, in¬ 
cluding soft and disintegrated rock which can be removed without the aid 
of explosives, shall be claa.sed and paid for as earth.” (Frank A. Barbour, 
consulting engineer, Boston.) 

“Only such ledge or rock in trench as cannot be readily removed with a 
pick and shovel and requires blasting for its removal, and which has been 
measured by the engineer before blasting, and all boulders of 1/2 cu. yd. 
or more in volume which are removed from the trench, will be estimated 
as rock excavation.” (George W. Fuller, consulting engineer. New York.) 

Allen Haxen writes to the authors: “My feeling would be that I 
should write it (rock specification) for any particular conditions for 
which I was designing the work, based upon local conditions.” 

W. A. Cattell, consulting engineer, San Francisco, stated to the 
authors: 

“ I have never yet found it necessary to use any classification for excava¬ 
tion for any kind of engineering work. It has been my observation that 
the definitions and classifications generally in use in engineering specifications 
of this nature have been such fruitful sources of dispute and litigation, that 
it is best to eliminate them altogether whenever it is possible to do so. 
There are, of course, some conditions under which it might be necessary or 
advisable to specify certain classifications to be used in measuring and pay¬ 
ing for excavated material, but in a great majority of cases they can and 
should be omitted entirely. This may seem somewhat arbitrary to those 
who have always followed the old method of classification, but I have found 
it to :^ork out very well in actual practice.” 

M. M. O'Shaughnessy, city engineer of San Francisco, states that 
it is not the practice of his office to distinguish between rock and earth 
excavation in letting contracts for sewer or other work involving 
excavation. 
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cover the cost of exeavatiiiK the rock, so that he might not lose, even 
though the quantity should he in excess of that expected; and on the 
other hand, the party awarding the contract should not pay an unneces¬ 
sary amount, because of the fear of the contractor that rock might be 
encountered when in fact it was not. 

Following are two quotations from the specifications for rock.work 
which the authors have used with sati.sfaetory results upon a number of 
eontraets. The second is now used exclusively; 

".'Vll excavations stiall l)e classed and measured either as earth or rock, 
the latter to include all boulders 1/2 cii. yd or more in volume. All other 
materials founil m excavation, however hard, still or compact, including, 
soft or disintegrated rock w hicli can be loosened with a pick, shall be classed 
anil paid for as earth." 

“Hock, wherever used as the name of an excavated material, shall mean 
Itotihlers exceeding 1 2 cii. yd in volume or soliil lodge rock which, 
ill the opinion of the engineer, requires for its removal drilling and blasting 
or wedging, or sledging or hitrrmg \o soft or disintegrated rock which can 
be removed with a[uck: no loose, shaken or previously blasted rock or broken 
atone in rock lillings or elsewhere, nor rocks exterior to the maximum limits 
of meaaiireiiHuit allowed, which may have been previously loosened in 
excavating for water jiipes or other purjioscs and which, by reason of such 
loosening, may fall iiilti the trench, will be measured or allowed.” 

HAND EXCAVATION 

The sewer builder will find it .adv'antageous to determine, if possible, 
prior to making e.stiiiiatc.s or bids the nature of the materials to be 
cxeavateil; this can be done by means of test jiits or borings, thus 
fjmittng BO fur ms praeticulife the uncertainty o! hin knowledge of the 
nature of the work to he performed. Where the construction must be 
tarried on in a loealitr in which the contractor has previously done 
similar work, he will have a knowledge of local conditions which will aid 
him in making his proposals and in preparing for the work. If local 
conditions indicate that sheeting will be necessary, the lumber and other 
materials and tools retiuired should be provided and brought on to the 
ground for immediate use when the ne^ develops, in order to prevent 
the caving of the banks, with consequent injury to adjacent pavements 
and the possible settlement of buildings or other structures. If water is 
likely to be encountered suitable pumping machinery should be pro¬ 
vided at the outset, that the work may not be delayed while waiting to 
procure and e^ct such machiner)-. 

In laying out a sewer trench to be excavated, it is desirable to line 
out the trench to the proper width by the methods described in Chapter 
II, and allot a given length of trench to each laborer or pair of laborers 
upon small work, or to a squad of laborers upon larger work, so as to 
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furnish each man or Rroup of men with approximately the same 
amount of work, as for example, one-half day’s work, or in very deep 
trenches, a full day’s work. In this way, the burden may be distributed 
equ^y amopg all of the men and the foreman may have an opportunity 
to distinguish between the efficient and inefficient workmen, while the 
men themselves are made to feel the spur of competition and comparison 
with others. 

. Loosening Surface.—Where the surface of the ground is hard and 
compact, either in its natural state or as paved with gravel or macadam, 
it must first be loosened, cither by band with pick and shovel or by 
_ means of a substantial jdow drawn by horses or a traction engine. In 
narrow trenches such plowing is liable to weaken the top crust outside of 
the trench line and thus to increase the liability of canng banks, in 
which case the use of the pick and shovel may be preferred. Durable 
pavements, such as brick, asphalt, and wooden or granite block, must 
first be removed by bar and pick, and the concrete foundation taken out 
in like manner. 

Opening Trench in Frozen Ground.—In the northern part of the 
country the frost penetrates from 1 to 3 ft. in depth in fields and wooded 
territory and from 3 ft. to 6 ft. in streets. It is found to enter the ground 
to the greatest depth in the center of the street, where the earth is 
compacted by traffic and is therefore a better conductor. In streets the 
frozen crust usually thaws both from the top and the bottom, so that 
just before the fro.st leaves the ground it is found in a thin layer about 8 
in. thick perhaps 2 ft down from the top. 

Opening a trench in frozen ground, by picking, is an exceedingly ex¬ 
pensive and slow operation. In rare casM the frozen earth may be 
drilled and blasted but this methixi is seldom feasible in city streets 
hcoBuse of the danger to persons and buddings. A common method of 
opening such trenches is by building fires on the surface of the street, 
usually at night, and thus thawing the ground so that it may be easily 
shovelled the following morning. Another convenient method of 
thawing the frost, if a steam boiler is available, is by steaming. This is 
done by building a number of wooden boxes open on the bottom. These 
boxes are of convenient length, usually 12 to 15 ft., about 10 in. high and 
approximately of the width of the trench. The boxes are laid with the 
open side down and holes are bored in the other side every 12 in. 
along the box and about every 2 ft. crosswise of the box. Each hole is 
provided with a wooden plug to prevent the escape of steam. When the 
boxes have been placed in position, they are banked up with soft earth to 
prevent the escape of steam and warm air from beneath them. One 
man is usually left out at night to tend the fire under the boiler and to 
steam out the frozen ground. This he does with a 3/4-m. gas pipe about 
6 ft. long, provided with an iron cross-bar for a handle. To the end of 
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tbig pipe is attached a steam hose, the other end being open. The 
operator piaccs this pipe in a vertical position on the ground, passing it 
through one of the holes in the box. As the steam thaws the ground, 
he gradually works the iron pipe down until he has penetra^ the whole 
layer of frozen ground. He then withdraws the pipe, plugs the hole and 
follows the same course in the next hole and soon until he has thawed the 
entire length of trench required for the next day’s work. One man will 
usually be able to thaw out a sufficient area of street for a trench 4 to 6 
ft. wide, 48 ft. long, in one night, where the frost is 4 ft. deep. 

Pavements to be Preserved.—All paving material should be pre¬ 
served and piled at one side of the street for use in replacing the pave¬ 
ment. Paving blocks, bricks, etc., should be placed in neat piles outside 
of the probable limits of the material to be excavated. The crushed 
stone from macadam pavements is frequently piled in a windrow on the 
opposite side of the trench from that used for storage of the balance of the 
excavation. Where trenches are deep or are likely to remain open for 
some considerable length of time, it is usually found that before this 
material is required for replacement in the trench much of it has been 
scattered and lost. If it is of good quality, it may be worth while to 
haul it away and store it in a vacant lot, or in a windrow on one side of 
each of several cross streets, care being taken not to obstruct driveways 
and to warn the public at night by the liberal use of rod lanterns. 

Excavated Material.—It is desirable to throw all material, except rock, 
excavated from the trench on one side of the trench. The material from 
the first 6 ft. in depth of the trench should be cast as far back from the 
opening as is |)oasiblo at one throw, thus leaving space between this 
material and the trench for the material excavated from lower depths. 
Unless the excavated material is plastic or sticky, it is usually possible 
for the laborers to throw out material from trenches up to a depth of 
about 8 ft. Below this depth, it is advisable to arrange platforms 
(see Chapter IX) about 6 ft. below the surface of the ground, these plat¬ 
forms resting on the cross braces if the trench is sheeted, or on temporary 
braces where the trench is not sheeted. This platform should be 
sufficiently long to permit material to be thrown upon it by two excava¬ 
tors, one at either end, while one staging man should be able to keep the 
platform clear, casting the material well back from the edge of the 
trench. Such stages may extend entirely across the trench, but where 
trenches are wide enough to permit, it will be found convenient to build 
narrow stages onto which the men in the bottom can throw the excavated 
material fnjjn any points at which they may be worldng. 

For trenches deeper than 14 ft. a second set of platforms or stages 
should be used, built about 12 ft. below the surface, and so arranged that 
two men shall throw from the bottom of the excavation onto the stage, 
and that the material shall be overcast by one man at each platform. 
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In construoting the platfonng, a piece of plank may be placed on ed^ 
acroes each end, or along the side, to prevent the excavated material from 
falling upon the laborers below. “Square pointed” shovela should be 
used on the platforms, whereas the “round pointed” type are generally 
best for the worfc in the bottom. It is usually necessary to provide one 
man^on the bank for every two in the trench to overcast the material 
thrown out after a depth of 6 ft. has been reached. The distance 
between platforms should be regulated according to the depth of the 
trench, rarely allowing it to exceed 6 ft. In some cases more rapid work 
will result from a somewhat closer spacing. 

Material should be kept back from the edge of the trench a distance of 
2 ft. where practicable, to allow room for the passing of foremen, in¬ 
spectors, laborers, etc.; to prevent material from falling from the bank 
upon the laborers in the trench; to furnish space for the landing of the 
outcast material; and, where necessary, to furnish space for the handling 
of pipe, brick, mortar, concrete, lumber, and other materials to be 
placed in the trench, although it may be found more convenient to 
handle such supplies on the side not used for storing the excavated 
material. The side of the street opposite that on which the excavated 
material is placed should, however, be kept comparatively free from 
obstructions, so that, except in narrow streets, traffic may not be inter¬ 
rupted, The pipe, lumber, cement, sand, etc., which are required for 
use in the trench should be kept in neat piles either close to the trench 
line or at or near the curb line, so as to keep the street free from ob¬ 
struction and to facilitate economic handling. 

TUNNELING 

Tunneling is a method of excavation often employed in the building 
of sewers, although relatively few large tunnels have been driven for this 
purpose. The methods used are those employed in all classes of tunnel¬ 
ing and are described in a number of books on this subject, among which 
are “Tunneling” by Charles Prelini, "Modem Tunnel Practice” by 
the late David McNeely Stauffer, and “Modem Tunneling" by David 
W. Brunton and John A. Davis. 

The relative cost of trenching and tunneling generally determines 
which method is to be adopted, although the latter may be undertaken 
to avoid interference with street traffic or tearing up a good pave¬ 
ment. Where the sewer is to be laid at a considerable depth, the 
danger of progresave settlement of the earth over the structure may be 
largely, if not wholly, prevented by building the sewer in tunnel. 

Very small, shallow sewers are frequently laid altematdy in short 
trenches and tunnels, the latter being of very small bore, often not more 
than 3 ft. in diameter. This method is rarely employed except in clay. 
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hardpan or similar material, which is sufficiently cohesive to stand with¬ 
out timberiiiK. The sections of trench, usually from 4 to 8 ft. in length, 
are sufficiently supported by the earth covering the tunnel sections which 
are usually of the same length as the trench sections. Where pipe 
must Im laid during winter when the ground is frozen to a depth of 2 ft. 
or more, this process may prove economical by reducing the quantity 
of frozen ground to be thawed, picked or wedged out. 

Depth at Which Tunneling May Prove Economical.—The depth at 
which tunneling may prove less expensive than trenching depends upon 
many local conditions and no specific rule of general application can be 
formulated for determining it. In soft ground, excavation conditions 
which tend to make trenching expensive also increase the cost of tunnel¬ 
ing. In rock excavation on the other hand, this fact docs not usually 
hold true and the cost of tunneling will be more uniform and the point 
at which it is exceeded by the cost of trenching will depend almost wholly 
upon the quantity of material to be handled. 

As an illustration of the method of comparing the relative cost of 
trenching and tunneling, let it be assumed that sewers 3 ft. in diameter 
arc to be built 2'>, 3(i and 3.5 ft. deep, respectively. The minimum 
((uantity of exeavation, if built in tunnel, will be 1 cu. yd. per linear foot. 
The sewers, if built in t rench, will involve the excavation of at least the 
quantities of earth, or rock, shown by Table 5. 


TaBI.B.'i.—(J lIASTlTY AND dosT OP EXCAVATION REQUIRED FOB BuILDINO 
;t-KT. .Sewer in Trench 


Dt'plli of iroiivh 

25 Ft 

30 Ft 

35 Ft 

If twi) 8 (’Ls sheet iiiR an* used, cu. yd. per lin. 




ft. . . ... 

5.9 



If thre(i sets sheeting an' used, eu. yd. per 
Im. ft ... . 

7.7 

8 75 

9.75 

Cost j>cr lin. ft. if two sets sheeting are re¬ 
quired, at $1 per cu. yd. 

Oust per lin. ft. if sets sheeting are used 

at $1.1.25, and 11.50 jhtcu. yd., respectively 

$5 90 

$7 70 

$10 94 

$14 63 


Arbitrarily assuming further that the trenching, including timbering 
and backfilling, can be done for $1, $1.25, and $1.50 per cubic yard for 
the respective depths, it follows that the cost per linear foot will vary 
from $5.00 to $14.03, depending upon the number of sets of sheeting 
used and the depth of excavation. In other words, if tunneling is to be 
adopted, it must lie estimated at less than $5.90 to $14.63 per cubic 
yard for thd*several conditions given. 

In general, it is wise to consider the relative cost of trenching and 
tunneling when the depth of the sewer b to be over 25 ft. 

In rare cases tunneling may afford a means of successfully doing work 
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which could be conducted by trenching only at great expense and danger 
to life or neighboring structures, as where the sewer must be laid through 
very treacherous water-bearing, running sand or subaqueous ground. 
In such material, pneumatic tunneling affords a relatively safe and 
economical means of handling the work. 

Timnelinv In Different Kinds of MateriaL—Probably the simplest 
and easiest tunneling is in hardpan, dry clay or other earth, cohesive 
enough to retain its position, without caving, suffioiently long to 
allow laying the pipe or placing the masonry. In such cases timbering 
is not required and the heading may be out out to the exact line of the 
mason ry. The progress can be rapid and in some oases little, or possibly 
no7 blckfilling may be required. The cost of excavation will, of course, 
vary with conditions, but will probably not be less than $0.75 and may 
considerably exceed $1.50 per cubic yard, inciuding cost of excavating 
shafts. 

Difficulties are met when loose sand and gravel are encountered and 
recourse must be hsd to timbering and close sheeting, great care being 
taken to prevent material from “running” into the heading. The use 
cf timbering increases the cost and the difficulties of maintaining correct 
ilignment. The cost of driving such a tunnel will hardly bo less than $3 
n largo tunnels and may reach $15 or $20 per cubic yard in smaller 
Dnes, and the quantity excavated will also be greater than when the 
jxcavation is in the more favorable material. 

Unfortunately, most sewers are built below the natural water table, 
thus often greatly increasing the difficulties of tunneling. This ground 
water is handled in the same way as in trenching, but if the earth is of 
such a character that it tends to “run” when wet, the attendant diffi¬ 
culties will be increased and the rate of progress may be greatly reduced. 
Where the soil is very treacherous, or where the work is being done under 
a stream or body of water, it may bo necessary to drive the tunnel 
under air pressure. A case of this class, carried out under the authors’ 
direction in Worcester, was a tunnel about 6 ft. in diameter, lined with 
wooden segmental rings made in eight pieces, which accommodated a 
32 X 42-in. sewer. A view of this work is given in Fig. 95. The air 
pressure required did not exceed 10 lb. per square inch and the earth 
excavated was fine sand. The cost of excavation was about $19.73 
per cubic yard. 

Since rock drills operated by compressed air became available and 
high explosives fired by electricity have been perfected, tunneling through 
rock has been greatly simplified and in fact is now subject to less uncer¬ 
tainties and ffifficulties than most soft ground tunnel work. This, 
however, is not true of tunnels driven partly in rock and partly in loose 
earth, where great trouble is sometimes experienced in keeping the roof 
and sides securely braced at aU times so that the earth may not run. 
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Each blast U likely to blow out bracing, which is replaced with difficulty 
often only to be blown out again. The cost of tunneling in rock may 
vary from $3 in large tunnels or those through rock which is very 
easy to excavate, to *15 per cubic yard in small tunnels, inehiHing 
shafts. 

UchthiC.—The best source of light is electricity, but even witiut 
miners' lamps are desirable for the use of the miners and bracers. Where 
compressed air is used for drilling, it may be possible to get along with 
oil lamps and gasoline torches, although this is not to be recommended. 
K electric current is run into a rock tunnel, care must be exercised to 
prevent the premature firing of the dynamite by accidental contact of 
iMd or fuse wires with lighting or power circuits. It is difficulC^V*’ 
cially in small tunnels, to prevent the workmen from touching bare wires 
and rails so that high-tension currents are inadvisable. Circuits carrying \ 
220 to 250 volts have been much used and have pven satisfaction. 
Machinery wound for this voltage for use in mines and tunnels is readily 
obtained, as it is largely used on this class of work. 

^ Ventilation.—There is little difficulty in prodding suitable ventilation 
m rock or pneumatic tunnels, as the exhaust from the drills and the 
leal^e from the headings are usually sufficient to provide ample change 
of air. In eart h tunnels, on the other hand, there is seldom so convenient 
a supply of air and it is frequently necessary to install ventilating 
machinery and ducts. Sometimes, where pumping is required, this 
may be done by compressed air and the exhaust piped to the headings 
for ventilation. 

Handily and 'Ransporttag Materials.—Methods of mucking and 
transporting mterials must be worked out for each tunnel. In earth 
tunnels the mining and mucking proceed simultaneously and are usually 
SMpended while the masonry is being placed. In rock tunnels it is 
often convenient to do the drilling and blasting during one shift and the 
mucking during the next. 

If the tunnel is very long some means of transporting materials must 
M provided. Usually a track is laid and the loaded cars are pushed 
by workmen, drawn by mules or haxiled by compressed air or electric 
motm CMS. Pig. H gives two views of an electric car used by the 
authors in several small tunnela. An electric current of 220 volts was 
provided, being carried in by a small third raU, the return being through 
tlm raiis of the track. The lighting current was taken from the rails 
wherever required. 

^ il|>tor oar hauled one or more flat can on which were buckets 
l^ed with the excavated materials. When the shaft was reached the 
buckets were hoisted by suitable machinery. The materials for the 
oowteuction of the sewer were handled in the same way. , 

flhafiB. ^In very short tunnels woric may be carried on from 




Fiq. 14.—Electric locomotive used in sewer tunnels at Worcester. 
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porUb flofy, ^ when the tunnels are long, reasonable ptognai ma»- 
ally requires ^ nnking bf shafts so that work can be oarried on .at a 
number of poii^. They are generally sunk on the line of the 
and are (rf sui^le sise to allow for the passage of men and materials 
and for suoh pipes, wires, ventilating flues, chutes and other accessories 
he required. As the line of the sewer is usually taken down the 
shafts by the surveyors, it is desirable to make them fairly long even on 
small work, a length of at least 8 ft. being desirable. In Louisville, 
where borings were made prior to letting the contracts, wrought-iron 
pipe casings were driven into the bore holes at proper points and capped, 
.being l eft for use in transferring the line into the tunnel when required. 

Shafts are excavated and sheeted in the same manner as trenches, 
except that it is advisable to make the bracing somewhat more substan¬ 
tial that it may withstand, without deformation, heavy pressures likely 
to be developed during the long time the shafts are to remain open. 

Methods of Tunneling in Soft Ground.—Small tunnels are driven by 
excavating the whole section at one time, properly timbering it and pro¬ 
ceeding with the excavation of another portion, or immediately lining 
it, in which case the excavation and lining proceed alternately, the one 
being suspended while the other is going on. In such cases it is advan¬ 
tageous to carry on work at several headings that the miners and masons 
may be economically employed at all times. This may also be accom¬ 
plished by alternating shifts, the excavation being done on one shift and 
the masonry placed during the next. 

Upon large tunnels, headings or drifts are often driven some distance 
ahead of the excavation of the whole section, the remainder of the work 
consisting simply of breaking in, or down, the earth or rock surrounding 
the headings. The term “ heading ” is frequently used upon small work 
IS meaning the end of the tunnel in which excavation is being carried 
3n at the time, but upon large tunnels, it more often refers to a small 
;unnel driven ahead of the main tunnel. Prelini, in “Tunneling," 
after discussing the confusion which has arisen over the use of the terms 
‘heading” and “drift,” suggests; 

“For the sake of distinctness of terminology, it seems preferable to call 
he passage a heading when it is located at the top of the profile, and a drift 
vhen it is located near the bottom.” 

The problem of timbering the tunnel is generally the governing coft- 
ideration in the selection of a method of tunneling, although drainage 
md prospecting to determine the character trf materials to be traversed 
)y the main tunnel may be important factors. Prelini describes four 
leneral methods of driving large tunnels as follows: 

“ (1) Excavating the tunnel by beginning at the soffit of the secthm, 

It by the Belgian method, is the method of tunneling in loose mik moat 
i 
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commonly employerl in Europe at the present time. It consists in excavat¬ 
ing the soffit of the section first; then building the arch, which is supported 
upon the unexcavated ground; and finally in excavating the lower portion 
of the section, and building the side walls and invert. 

“ (2) In excavating tunnels along the perimeter an annular excavation is 
made, following closely the outline of the sectional profile in which the lining 
masonry is built, after which the center core is excavated. In the iJeWKUlIx 
method two drifts arc opened at each side of the tunnel near the bottom. 
Other drifts are excavated, one above the other, on each side to extend or 
heighten the first two until all the perimeter is open except across the bottom. 
The masonry lining is then built from the bottom upward on each side to 
the crown of the arch, and then the center core is removed and the invert is 
built. ' T 

" (itj This method, as its name implies (tunnels excavated in the whole' 
section—English and Austrian methods), consists in taking out short lengths 
of the whole sectional profile before beginning the building of the masonry. 
In the English method the lengths of section excavated vary from 10 ft. 
b) 2.5 ft. The masonry invert is built first, then the side walls, and finally 
the arch. The excavators and the masons work alternately, the excavation 
being stopped while the masonry is being built, and m'cc versa. The Aus¬ 
trian method differs in two particulars from the English; the length of 
section opened is made great enough to allow the excavators to continue work 
ahead of the masons, and the aide walls and roof arc built before the invert. 

“(4) The Italian method is very seldom employed on account of its ex- 
pensiveneas, but it can often he used where the other methods fail. It 
consists in excavating the lower half of the section, and building the invert 
and side walls, and then filling the space between the walls in again except 
for a narrow passageway for the cars; next the upper part of the section is 
cxi-nvated, ns in the Helgian method, and the arch is built;and finally the 
soil in the lower part is permanently removed.” 

Methods of Tunneling in Rock.—In full rock headings, there is usually 
no necessity for timbering, although some rocks are so soft and seamy 
that shoring is reriuired. The invention and development of rock drills, 
high explosives and methods of electric firing have greatly simplified rock 
tunneling during the last half century, so that now the ordinary rock 
tunnel presents a far less difficult problem than many of the tunnels 
which have to lie driven through soft ground. 

As in soft ground tunnels, in some cases headings, or drifts, are driven 
ahead of the full section of the tunnel for the purpose of determining the 
character of the rook through which the tunnel must pass. In most 
large rock tunnels, such passages arc driven at least a short distance 
ahead of the full section of the tunnel to aid in breaking down the sur¬ 
rounding rock. These drifts are usually in the neighborhood of 6 or 
8 ft. in diameter. In small tunnels, it is customary to drill, near the 
center of the tunnel, three or four holes directed along converfpng lines 
toward the ajiex of a pjTamid. These holes are fired together, consti- 
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tating the cut-shot. After these holes have been fired, the breaking-in 
holes which surround them are fired, upon small work usually all at one 
time and upon larger work in relays. The development of the "delay” 
fuzes has greatly facilitated this class of work as it permits the firing of 
the cut-shots first and breaking-in shots successively thereafter, with¬ 
out the necessity of clearing the tunnel of fumes and rewiring the holes. 

Placing Masonry.—The placing of masonrj' in tunnels, and especially 
in small tunnels, involves difficulties not ordinarily encountered upon 
similar work in trenches. Usually, the entire space between the inside 
profile of the structure and the excavation must be filled with masonry. 
Upon small work, the masonry of the upper portion of the sewer must be 
placecT'from the end, necessitating the use of relatively short centers 
and forms. 

Upon most sewer work, the concrete or mortar is prepared on the sur¬ 
face of the ground, and taken down the shaft and into the tunnel when 
ready to be placed. 

PUMPING, BAILING AND UNDERDRAINAGE 

One of the most variable and oftentimes perplexing problems which 
has to be overcome in sewer excavation is the removal of the ground water 
which finds its way into the trench. Its quantity varies from an almost 
negligible amount, which may ooze or percolate into the trench from 
very compact soils, to an almost constant flow from the free and water¬ 
bearing gravels. The method adopted to care for and remove the 
ground water will vary according to its quantity and with the character 
of the soil in which it is found. 

Where the amount of water encountered is slight it can frequently be 
allowed to gather or flow into little sumi*, from which it can be removed 
by bailing. 

The most common method of disposing of water where it accumulates 
in moderate quantities is by means of a diaphragm suction pump operated 
by hand and capable of handling from 30 to 60 gal. per minute, when 
lifting it from a depth of about 16 ft., the maximum lift depending in 
great measure upon the condition of the rubber diaphragm and valve. 
Power diaphragm pumps of a capacity of from 50 to 100 gal. per minute, 
driven by gasoline engines mounted upon trucks, are now available. 

Diaphragm Pumps.—These are made either as suction pumps or as 
force pumps. In the former case the water is discharged freely over a 
lip on the side of the pump body and in the latter it is forced through a 
pipe. These pumps are made in several sizes, ranging in rated capacity 
from 1800 to 8000 gal. per hour, under most favorable conditions. The 
size most commonly us^ is that requiring a 3-in. suction hose and weigh¬ 
ing about 185 lb. This pump operated by one man at a rate of 80 
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strokes per minute wiU deliver about 30 gal. per minute. Upon very 
shallow work a single length (12 ft.) of hose is ordinarily used. A 
variety of strainers are on the market and it is well to select that having 
the largest holes which it is safe to use with the water to be pumped 
since fine holes increase the frictional resistance. The cost of a pump’ 
two lengths of hose and a strainer will be from *50 to *75. 

The life of the hose, which is fully as expensive as the pump, may be 
greatly prolonged by using it with care, not aUowing it to become kinked 
rubbed on the bank, or cut. Cotton-covered or jacketed hose may be 
obtained at Hniall extra expense. 

While with a jierfcct pump and suction hose it may be possible to lift 
water from a depth of 25 or 2C ft., it is generally not practicable to'lisT 



Fm. 15.—Gasoline-driven diaphragm pump (Edson). 


this pump for lifts of over 20 ft. at sea level, and even at such a 
lift it 18 necessary to use several men on the pump. 

In Kg. 15 IS shown an Kdson diaphragm pump connected to a gaso- 
imc^engine. The outside dimensions of the wooden base are 3 ft. 9 in 
by d ft. It can be easily carried about by four men or it can be mounted 
on a i-wheel hand truck. It b stated that a 10-hr. continuous run wiU 
^ire approamately 2 qt. of gasoUne, and that the outfit will handle 
^ gal. an hour. The prices of complete outfits vary from *100 to 

Centrifugal Pumpe.—These can generally be used to good advantage 
where laree quantities of water are to be handled, and if a pump ^h 
M open Bnpeller is used, it will handle very dirty water without much 
injury to m(»t cases. Table 167 and the description of centrifugal 
pa^in Vdume I make any notes on the subject unnecessary here. 
Most of the pump makers supply outfits made specially for construction 
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purposes. These consist of the pump and a direot-connected electric 
motor, or steam or gasoline engine, mounted on skids or on a wheeled truck. 

Where a large volume of water must be handled for a long time, as in 
tunneling, and where the lift is considerable, a high-grade plant designed 
to fit the "conditions will often prove more economical than one of the 
less efficient but also less expensive outfits for general service. If such 
an expensive equipment is used, particularly if turbine pumps are em¬ 
ployed, attention should be paid to preventing materials from entering 
the pump which will interfere with its operation, and a sump in which 
a sand-catching chamber is incorporated may prove desirable. 

Where the drainage of a trench can be accomplished through under- 
drains discharging into a sump which can bo kept in service for a con¬ 
siderable time, it is often advisable to install a centrifugal pump at the 
sump, but the low lift and dirty water to be handled by such an outfit 
make high efficiency less desirable than reliability. 

Reciprocating Pumps.—These are not well adapted to the handling of 
water under the conditions usually existing about sewer trenches, because 
of the grit likely to be carried by the water, which cuts the plungers and 
valves. In some cases, however, the water may be relatively clean 
and if a supply of steam or compressed air is available, a reciprocating 
pump may be set up and operated with very little attention and often at 
small expense. Where such pumps are used in connection with driven 
wells to lower the ground water which would otherwise flood a trench 
or pit, it is usually necessary to place on the suction line a sand-catcher, 
such as is employed in water-works plants using a well sqpply. 
Outside-packed plunger pumps of the low-pressure type are suited 
•for this service and are better than the heavier patterns for 260 lb. 
pressure. Piston pumps are unsuited for construction purposes except 
in the very rare cases where clear water is to be handled. 

Steam Vacuum Pumps.—Three types of steam pumps of a special 
class are largely used on construction work where very dirty water must 
be handled and the position of the pumps must lie changed frequently. 
The first of these to come into general use was the pulsometer, which was 
followed by the Nye and Emerson types. 

The pulsometer has a body with two bottle-shaped pumping chambers. 
Fig. 16, with their necks communicating at the top, each opening into 
an outlet chamber through a check valve. An air chamber connects 
with the suction inlet and cushions the incoming pulsations. Near the 
top of each piunping chamber is an air check valve opening inwardly, 
which admits a small quantity of air automatically at each pulsation 
at the moment the vacuum is formed. This layer of air cushions the 
inrushing water and forms an air piston between the steam and water, 
preventing the former from bmng condensed at the beginning of the 
stroke. 
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Steam from the boiler is piped to the inlet at the top and from there is 
turned to the right or left chamber according to the position of the ball 
steam valve which is free to roU to either side, forming a steam-tight 
joint with whichever seat it rests upon. In the position illustrated the 
B mm would pa^ to the left-hand chamber, which may be assumed to be 
full of water. The pressure of the steam forces the water through a 
pa^gc between the air and outlet chambers and a check valve into the 

falls to the level of the opening into the outlet chamber, the water and 
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1 10 . 16.—Sections of the pulsometer. 

up together and the latter is condensed. This 
terns a partial vacuum in the left-hand chamber, which, assisted by a 
dight upw^ pressure in the right-hand chamber, immediately p^s 
he ball valve over to the left-hand seat, shutting ofiF the steam supply 
The v^uum in the left-hand chamber then draT^ up a new cha^S 
water through the suction pipe, and while it is fiUing, the right-hand^one 

‘bu beginning 
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Table 6 gives the more important dimensions of the sites now 
(1914) made; the manufacturer, the Pulsometer Steam Pump Co., 
New York, states that the capacities are underrated for most oases, 
j)articularly with a short suction and high steam pressure. 

The Nyc steam vacuum pump, made by the Nye Steam Pump & 



Front View. Pump 

Fig. 17.—The Nye pump. 


Bate. 


Machinery Co., of Chicago, is the result of an evolutionary process 
beginning in an 1869 patent. The “new model” shown in Fig. 17 was 
patented in 1909. The steam valve is hollow and it offers very little 
resistance to motion. The two air valves are located so as to admit 
a piston of air between each charge of steam and the water on whith 
it acts. In starting the pump both the steam and mr valves are closed. 
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Table 6.—CAPAanEs and Dimensions or Pulsometbhs 


Tmde No. 

2 

3 

4 

6 

6 

7 

8 

9 

m 

Gal. per min. 
25-ft. head.., 


60 


180 


425 


■ 


60-ft. head. , 

17 

50 


160 


375 

625 



75-ft. head. 

13 

38 

65 

115 

200 

275 




Weight, Ib. 

1 

140 

295 

430 


745 

1,375 



Height, in. 

25 

27 

33 

38 

43 

49 

61 

72 

88 

Floor space, in.... 


!I 

is 

ii 


It 

SI 

IS 

S! 

Boiler h.p. 

4 

5 

6 


12 

15 

25 

35 

70 


Then the valve on the steam pipe at the boiler is opened wide, after whieh 
the steam globe valve at the pump is quickly opened, allowed to remain 
open 3 or 4 sec., and is then quickly closed, this being repeated after the 
steam has remained off during 4 or S sec. This manipulation is repeated 
until a click of the hollow steam valve of the pump indicates that the 
pump has caught its suction. The steam valve is then left half or three- 
quarters open and the air valves arc adjusted until the pump is work¬ 
ing satisfactorily. The shorter the suction, the greater the quantity 
of air required. The suction valves are of the clack type, the discharge 
valves of the ball type. The method of operation is, in general, like 
that of other typos of vacuum pumps. 


Table 7.—Capacities and Dimensions of Nye Pumps 


Trade No. 

2 

3 

4 

5 

6 

Gal. per ntin. 

60-ft. head.. 

200 

300 

600 

800 

1000 

100-ft. head.. 

100 

200 

400 

600 

800 

Weight, ll>. 

650 

900 

1600 

2300 

2800 

Steam pipe, in. 

I 

1 

U 

U 

2 

Suction pipe, in. 

3 

4 

5 

6 

7 

Discharge pipe, in. 

2 

3 

4 

5 

6 

Boiler h.p.^ . 

15 

20 

25 

30 

40 


•This boiler capacity is suited for a 50-ft. lift. Two-thirds as much 
capacity will answer for 2S ft. and about 33 per cent, more will be needed 
for 100-ft. lift. 


The Emerson pump, made by the Emerson Steam Pump Co., of 
Alexandria, Va., has two chambers, Fig. 18, each with a disk suction 
valve at the bottom and a disk discharge valve opening into a small 
chamber from which the discharge pipe runs. On top of each chamber 
is a fian|e with a baffle plate cast on its lower side opposite the port 
through which steam enters the cylinder. The baffle plate distributes 
the steam evenly and prevents any agitation of the surface of the water 
in the cylinders. A condenser noiile in each chamber is connected with 
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Ra. 18.—The Emeraon pump. 
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the bottom of the opposite chamtier liy an extra heavy pipe into which a 
check valve o|)CU8 upward. As the pressure in the chambers alternates, 
sufficient water will be injected throuKh each nozzle into the opposite 
chamber to condense the steam in it and promptly form a vacuum. A 
small air check valve attached to each chamber at the top and opening 
inward admits a small quantity of air while the chamber is filling with 
water, to act as an air cushion or piston, as in other types of steam 
vacuum pumps. The globe valve just above the steam chest is used to 
regulate the amount of steam to the conditions; another valve for start¬ 
ing and stopping must be placed between the boiler and pump. 

The steam chest has two ports, one leading to each chamber. A flat 
rotary slide valve, entirely enclosed in the steam chest, admits steam 
through thrae ports to the two chambers alternately. This slide valve is 
driven by a small three-cylinder engine rigidly attached to the lower side 
of the steam chest. 

The engine crank shaft extends into the steam chest in the center of 
the bearing around which the slide valve rotates, and a positive connec¬ 
tion is made between the engine and the valve by steel and bronze gears, 
BO arranged that the engine will run faster than the valve. The motion 
of the engine is controlled by a valve on the exhaust pipe passing down 
from the engine to the suction chamber, where the exhaust steam is 
conden.scd. 


Ta»lf. R.—Cai*a{’ities and Dimensions of Emerson Tumps 


Trade \o. 

1 1 2 1 

3 i 

4 i 

5 1 

6 1 

A 1 

B 1 


(jSal. per min' 

i 22.5 415i 


100 

150 ! 

Ml 

Weight, lb 

^ 1)5(1 1,375 1,D00; 3,100'4,400 5,400! 

219^ 

HilWHil! 

Height, in. 

9H 104; 

ua 

127, 

1321 

13,5 


47j 

47 

Breadth, in 

‘ 17 22 

26 

301 

44' 

.52, 

15 ! 

18| 

21 

Width, in. . 

i IS 21 

24 

281 

33| 

37; 

Ill 


14 

Steam pipe, in. 

! i 1 

IJi 


2, 

25j 

s' 


3 

Suction pifM*. in. 

i 3, 4, 

3 

0, 

H, 

10 

3; 


5 

Discharge pipe, in. 

■! 2ii a; 

4! 


G 


211 

3 ', 

4 


Notr. —Nuh 1 to Q aru tw<>>cyhmlRr pumpu aud Nus. A to C arc Buigle-cylindvr pumpa. 


> CapacttivB Rivt'ii m the table arc calcuIaU-d for a lift of 20 ft These dimioish at th« 
rate of aboiit 4 pt^r e4>nt for every 10 ft. additional head, for N'os 1 to fl, and at the rat« 
of 0 per cent for every 10 ft. atlditional head, in the ease of Nos. A to C The maximum 
head for twcM'ylioder pumps is IJSO ft. and for siogle^ylioder pumps 100 ft 

In starting up, the air check valves arc opened, and the steam valve 
is opened for 5 or 6 sec. and then closed. The steam expels the lur 
from the jyUnders and condenses, fomung a partial vacuum which 
causes water to rush toward the suction chamber. The 
stArted by OQeaiw^, \no\; sWn In the illustration) 

■wMioVi ojH'nK outside. After the water has been worked out of the engine 
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and it exhauete steam, the outside exhaust valve is closed and the engine- 
control valve is opened about half a turn. The steam valve is next 
opened two or three turns and the engine-control valve manipulated 
until the pump runs smoothly and quietly. If the suction valves 
hammer it is because either the steam valve has not been opened enough 
or the engine-control valve has been opened too much. 

The same company also makes a smaller single-cylinder steam vacuum 
]>ump, called the Emerson Junior, which utilizes a balanced valve to 
control the operating cycle. 

TJnderdrains.—Underdrains may be divided into two classes, con¬ 
struction underdrains, which arc i)ut in simply to facilitate the building 
of the sewer and are generally abandoned upon its completion; and 
permanent underdrains, which are made a part of the drainage system, 
and are provided with permanent outlets. The latter arc particularly 
scndceable where a sjmitaiy system of sewers alone is provided, as they 
lower the elevation of the water table, thus making it possible to provide 
dry cellars which would otherwise be wet, and often prevent much 
infiltration into the sewers. As such drains are laid immediately below 
the sewers, they are likelj' to receive the leakage from the latter, if 
there is any, and care should be taken to prevent the contamination of 
water supplies by the discharges from such underdrains. 

Obviously the joints in underdrains must be left oimn for the admission 
of ground water, and in some places much trouble has been experienced 
with the growth of roots in the pipes, and also with deposits of fine sand 
and earth, carried in through the joints with the water. In some places 
the sewer manholes have been provided with chambers through which 
access may be had to the underdraims, for purjmscs of inspection, flushing 
and cleaning, as illustrated by Figs. 220 and 249, Volume I. In general 
less trouble with the growth of roots has been experienced in underdrains 
than in sewere, as the latter are usually nearer the surface and contain 
many joints which arc not sufficiently tight to prevent the entrance of 
roots, although in some places the reverse is true, more trouble being 
experienced with underdrains. Little can be done to prevent the 
entrance of roots into the underdrains, but if they are thoroughly well 
laid, as described later, there should be relatively little difficulty from 
the admission of dirt. 

If good work is to be done, it is absolutely necessary to have a dry 
trench. Joints made of cement must not be submerged or exposed to 
running water until the cement has had ample time to acquire its final 
set. It is usually safe to allow the water to come in contact with mortar 
after it has had 24 hours in "which to set. 

ft is claimed that certain plastic jointing nuteriais w&y be pouted 
successfully under water. While the authors have seen a few joints 
successfully poured in this way, where care was taken to pour the fluid 
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'ointing material into one side of the bell, thus allowing water to flow 
)Ut the other, they believe the practice to be dangerous, as there is 
lifficulty in getting good work under such conditions. While concrete 
;an be placed under water, under many conditions, this should not be 
ittemptcd upon ordinary sewer construction, where the thiokpess of the 
joncrctc is relatively small, and where the entire section should be in 
ixcellent condition and thus available for the purpose for which it was 
Icsigncd. 

Where considerable water finds its way into the trench it is generally 
ivise to provide a construction underdrain, through which the ground- 
ivator may flow to a gravity outlet or to a pump well provided for the 
purpose. 

The method of constructing underdrains depends much upon the 
naterial through which they arc to be laid. If In rock, there is little 
laiigcr of the entrance of sand or earth which will cause clogging, and 
t is obviously desirable to reduce to a minimum the quantity of rock 
:xcavatcd. In gravel there may be little danger of the entrance of fine 
material, and it may be necessary only to excavate the trench, lay the 
[)ipo, and refill with a small quantity of screened cobbles or crushed 
done. The greatest difficulty is encountered where the drain is to be 
laid in fine water-bearing sand. Here groat care must be taken in lay¬ 
ing and surrounding the pipe with gravel and sand, if the admission 
of fine material is to be prevented. In many instances underdrains have 
been laid only to bo completely clogged within a few hours. The authors 
have laid many miles of underdrains in such trenches, by surrounding 
the pi|)es with screened cobbles or broken stone, sometimes even covering 
the entire bottom of the trench with gravel to a depth of 2 or 3 in. 

In an article on the “ Maintenance of the System of Separate Sewers 
at Newton, Mass.,” by Stephen Childs (Jour. Assoc. Eng. Socs., Jan., 
1899), the method of laying underdrains in Newton is described as 
follows: 

‘‘ Under all of our sewers (with the few exceptions where it was definitely 
known that the level of the ground water was much lower than the sewer 
grade) an underdrain has been laid. The siie necessarily varies, our largest 
being 18 in. under one of our main sewers, and 4 in. being the minimum. 
The underdrain pipes are surrounded by screened gravel, and the whole is 
covered with a layer of bagging to prevent the clay from working down into 
the drain. This bagging does not rot until the soil above has become so 
compact that there can be no tendency for it to settle into the drain. The 
underdrains are so designed that they discharge at frequent intervals, mther 
into conveniqBt brooks or the Charles River; and as they are inspected and 
kept free, together with the system of sewers, they furnish a continuous 
outlet for ground water, and are therefore of great advantage, especially 
in those parts of our city where the soil is compact clay and the level of the 
ground water high.” 
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Where underdrains are to be laid in bad material or are to be a part of 
the permanent drainage system, it may be necessary to adopt the method 
of construction used for the building d underdrains in sand filter beds, 
illustrated by Fig. 19. Where the material in which the drain is hud 
is very .fine, it is usually necessary to use two or three grades of 
gravel and a relatively coarse sand, as indicated by the sketch. The 
gravel should be so graded from coarse to fine that the finer material 
overlying the coarser will not penetrate it. By this method underdnuns 
have been laid in relatively fine sand and have been kept open for 
many years, in spite of the fact that large quantities of water filtered 
into them continuously. 

Underdrains may discharge into rivers, brooks or sewers, or into 
pump wells. Such wells may be located directly on the line of the 
sewer or at one side of the trench. The latter location is preferable in 
many cases os it is possible to lay the sewer past the pump well, thus 



Fio. 19.—Grading material around underdrains. 


completing it before closing the drain and filling the well. In some 
cases where the slope will permit, it is desirable to turn the under- 
drain up and allow it to discharge into the sewer. In such cases, 
unless it is a storm dnun or combined sower, it is afterwards necessary 
to plug the underdrain, which is sometimes a matter of considerable 
difficulty. One method of accomplishing this is to insert into the 
underdrain, or the wdl into which the drain discharges, and build securely 
into the masonry, an iron pipe provided with a thread at its upper end, 
this pipe terminating from 4 to 6 in. below the water line of the masonry 
sewer. Onto this pipe is screwed a length of iron pipe through which 
concrete is forced into the well or underdram, thus completely or par¬ 
tially stopping the flow of water. The upper pipe is then removed and a 
pipe cap is screwed onto the pipe previously built into the masonry. 
This makes a tight joint and the concrete or brick work of the sewer may 
be completed over it 
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Occjwionally, underdrains arc laid long distances in water-bearing 
gravel and oclicct very large quantities of water, which may be used to 
advantage. In one or two instances, the authors have extended such 
underdrains into wells from which large supplies of water were pumped 
for condensing purjioses. In Baltimore, Md., large quantitiestof water 
collected by underdrains are used for condensing at the sewage pumping 
station, (iround water is particularly good for this purpose as it is 
always relatively cold. 

Where uinlerdrains are to have permanent outlets great care should be 
taken to so build them as to prevent the water from carrying fine sand 
or clay into tln.'m, thus eventually undermining the sewers and possibly 
other structures, as well as clogging the underdrains. 

Method of Cleaning Underdrains.—Notwithstanding the considerable 
variety of precautions whieh may be taken to prevent sand from en¬ 
tering construction underdrains, experience teaches that it does often 
enter and it is desiralile to have ready a means of agitating the sand 
so that the water flowing in the underdrain may carry it to the pump. 
The means U8u.ally adopted for such agitation is to thread a manila 
rope through the bore of the underdrain, as it is laid, This may 
be pulled back and forth, thus stirring the sand and ])reventing its 
sedimentation. 

The rope should be of hemp, about 3/4 in. in diameter, having a loop 
at its forward end whieh should lx* drawn ahead as fast as the pipe are 
laid. It should be wound upon a reel suspended in the last manhole, 
and should pass through a snatch-block so arranged that the rope may 
enter the lower end of the underdrain without disturbing the pipe and 
thus avoid the necessity of keeping a man at the lower end to feed the 
rope in as the work progresses. If the rope fails to stir the sediment 
sufficiently a chain may be drawn baek and forth through the pipe, until 
it is cleared. 

Method of Handling Excavation in Advance of Underdrains.—The 
difficulties experienced with underdrains filling up with sand arc due in 
great measure to the sand whieh enters the pipe at its upper or free end. 
Sand diws not, nr at least should not, enter the pipe along its length, 
provided the underdrain has been properly constructed. It is difficult 
to prevent the sand entering the pipe at its upper end, as the very 
process of excavation keeps the sand stirred, and with large volumes 
of water flowing directly to the free end of the pipe the sand is carried 
along with the water into the pipe. 

As the construction in the trench of sumps in which the sand may 
deposit, and from which the clearer water may flow directly into the free 
end of the underdrain, greatly delays the progress of laying the under¬ 
drain, it is generally considered better practice to keep the drain laid 
close to the excavation. 
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In some cases it may bo advisable to handle the water which gathers 
within the portion of the trench under excavation by means of hand 
pumps, raising it to the surface, unless the depth is such as to prohibit 
this. Handled in this way, a comparatively short length of trench bottom 
should Ijp worked at one time, and the underdrain should bo laid as fast 
as a portion of the bottom is ready, its upper end being continuously 
protected by means of a substantially constructed strainer so arranged 
as to keep out the fine sand. One or more hand pumps should remove 
the sand-ladencd water which finds its way into this short portion of the 
trench, while other pumps should take care of the water that gathers 
in advance of this portion of the trench. In this manner the portion 
of the trench ready for the sewer Ls kept dry and the danger of clogging 
the underdrain is greatly reduced. 

SETTLEMENT OF ADJACENT STRUCTURES 

Frequently following or during the construction of sewers, structures 
or buildings adjacent to the line of the sewer are found to have settled. 
There are a number of difTcrent conditions which may bo responsible 
for this. The settlement of pipes, conduits, pavements, curbing and 
sidewalks along the strret in which the sewer Is constructed may be due 
to the caving of the bank.s of the sewer trench, to the slow running of dry 
sand or gravel through the joints of the sheeting, or to the carrying of 
sand into the trench by the water flowing through the cracks in the 
sheeting or from underneath. 

The settlement of adjacent buildings is due to the movement of the 
strata which lie beneath their foundations. This movement is either duo 
to the drainage of water from them, thus causing them to subside or 
shrink, or else to a horizontal movement of a jiortion of the sand and 
the settlement of the balance with its superimposed load, owing to 
the reduced pressure within the trench. There have also been cases 
where settlement of buildings has been due to the movement of in¬ 
clined, wedge-shaped masses of rock. Such was the case in 1002, when 
buildings on Fourth Avenue, N'ew York, were damaged during the con¬ 
struction of the Rapid Transit Subway. 

To prevent such settlement, the construction should be watched with 
great diligence. Where sand is finding its way in considerable quantities 
between the sheeting planks, greater care should be taken in placing 
and driving them, while the existing joints should be stuffed with 
oakum, hay or other material, and boards or planks nailed securely 
over the larger openings. In some cases it may be necessary to resort 
to the use of tongued sod grooved timber, although this is not usually 
advisable. 

Where water finds its way into tlie trench between or below the 
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shenting plonks, frequent observation should be made to determine the 
presence of sand in the flowing water. If this water is allowed to 



F»d. 21.—Exterior of pit wrecked by flow of sand. 


carry sand with it for a considerable time, large voids may be formed 
behind the sheeting into which the superimposed soil may slide, thus 
causing damage to adjacent pipes, conduits, curbings, and possibly to 
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buildings. When such slides occur, damage may result not alone to the 
adjacent structures and buildings but the sudden blow of the falling 
material against the sheeting may break braces and walings and force 
in the sheeting, destroying the trench for a considerable distance. 

The dfTect of the unchecked flow of sand is illustrated in Figs. 30 and 
21 , which are views of an excavation for a pit for the construction of a 
pumping station at New Bedford, Mass. Here the sand was allowed 
to flow with the water for a number of weeks before the slide actually 
occurred. 

The boiling of quicksand in the bottom of the trench, which is usually 
due to the relieved pressure, and the horizontal flow of sand from the 
quicksand stratum must be watched with groat care. At such times 
the sheeting must be driven down on both sides of the trench consider¬ 
ably in advance of the excavation, thus tending to intercept the hori¬ 
zontal flow of the sand. The depth of the driving will depend on the 
thickness of the quicksand stratum, head of water in the sand and many 
other conditions. 

Where such conditions arc anticipated and in all cases where en¬ 
countered, measurements and observations should be made carefully 
from which the exact condition of the adjacent structures before and 
after the completion of the work may be clearly shown. Such informa¬ 
tion should include the taking of exact elevations at several points on the 
structures, such points being accurately and fully described so that 
there may be no doubt that subsequent levels were taken at exactly the 
same points. Photographs should be taken and notes made of the 
exact time at which this was done and of the exact location of the 
camera. Measurements showing the relation of the front and sides of 
the buiidings to true vertical planes should be made. Such measure¬ 
ments should be made in advance of any settlement for comparison 
with later measurements, from which the effect of unequal settlement 
may be shown. Such measurements should bo made with a transit in 
perfect adjustment, set in the plane of the front or side of the building, 
or a plane parallel to it, and at such a distance from it that the entire 
height of the building may lie brought within the range of the transit. 
Offsets from the plumb line to the face of the building may then be 
taken by means of a graduated steel straight-edge upon which is mounted 
a spirit level and a target rider which may be set by the transitnum, 
accurate and clear descriptions of the points to which the offsets are 
taken being carefully and permanently recorded. Accurate levels 
should be taken along a given course of masonry near the surface of tiio 
ground, and upon window and door sills, from which the extent of the 
settlement, if any, may be determined. 


S 



CHAPTER IV. 


MACHINERY FOR TRENCH EXCAVATION 

Where trenches are narrow anil shallow, hand excavation is generally 
more econoniical than the use of machinery. The depth at whioh 
mechanical excavation has an advantage depends upon many local 
conditions, and no definite nile can he given for determining it. The 
types of machinery most commonly used require trenches to be at least 
3 ft. wide, and such machines are seldom put on trenches unless they 
arc at least 12 ft. deep, except where there are traffic conditions which 
make it neceasary to confine the work to narrow limits, which can be 
done much better with machinery than by hand excavation. In the 
middle and western states the soils often lend thenasclvcs to the use of 
machines of the Austin, Buckeye and other types, cither bucket or 
breast wheel, and many trenches 22 and 24 in. wide and 0 ft. and more 
deep are thus dug. There seems to be a feeling that for less than about 
6 ft. depth there is no great saving unlc.ss labor is scarce or very expen¬ 
sive. Under the latter conditions, one machine may do the work of 100 
to 200 men per day. These machines are particularly adapted for use 
in soils like loam and soft sandy clay, which do not require close sheeting 
or heavy bracing. They have been used successfully, however, in 
heavy material like shale and hardpan. Pipe lines acro.ss trenches 
seriously interfere with their use, but in some cases it may be more 
economical to tear out such pipes with the machine and replace them 
later than to forego its use. 

With the ordinar)' hoisting machinery, the cost of picking and shovel¬ 
ing the earth in the bottom of the trench is usually the same, whether a 
trench machine is used or the work is done by hand. To arrive at the 
comparative costa of hand work and that type of machine work, then, it 
is only necessary to compare the cost of staging and overcasting the 
excavnti>d material and shovelline; it back into the trench, with the 
cost of operating a machine, including labor, fuel, rental and all inci¬ 
dental expimses. When these two charges balance each other, it may be 
wise to adopt some sort of a trench machine as it is much more con¬ 
venient aniTdoes not usually constitute as great an obstruction in the 
street. It is different with digging machines, for they require little labor 
and the dwision to install them should de|>end largely on the supply of 
labor and their cost. Hue regard, however, should always lie given 
to the probable quantity of work to be done. It is not advisable 
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to secure and use a machine for the sake of a verj- short picec of work, 
as the cost of unloading and crcTting the machine, titking it down and 
re-loading it on the car, together with freight charges, is so great that 
it may prove a source of expense rather than of economy. 

A numficr of machines have been designed expressly for use in exca¬ 
vating trenches, some for the actual digging of trenches; others built 
primarily for other kinds of excavation have been adapted to trench work 
so that they may be used to advantage under certain conditions. It is 
not the intention to describe all the machines which have been used for 
excavation of trenches, but only those which are most commonly used 
upon sewer work and a few' of the larger machines which have been 
adapted for trench work and may be used to advantage upon some of the 
larger excavations. 

Among the different types of machines which arc available for trench 
work may lie mentioned machines in which buckets arc raised and 
lowered by means of cables, such us the ordinarj' cableway and the Car- 
son, Potter and Moore trench machines; trench diggers like the Buckeye 
Traction Digger; the steam shovel with or without an extra long dipper 
arm, and either moved on standard gage tracks laid in the bottom of the 
trench or carried on tracks or traction wheels upon the surface of the 
ground; clam-shell and orange-peel buckets operated by derricks or 
locomotive cranes are also useful uiwn large work and wide trenches, and 
scrairers drawn by horses or mules, oircrated by derricks or by means of 
hoisting engines and cables, have been used to a limited extent upon 
sewer work. 

Carson Trench Machine.—The Carson trench machine was designed 
by Howard A. Carson and first u-sed upon work in the vicinity of Boston, 
Mass. It was de.signed especially for sewer trenches and is particularly 
well adapted to this class of excavation. It consists of a set of trestles 
tied together by connecting rods at the bottom and girders at the top. 
the whole being moved along a track laid on the surface of the ground. 
Attached to the girders is an iron track upon which travelers carrying 
the buckets arc drawn forward and backward by means of two ropes 
operated by a double-drum hoisting engine, as shown in Fig. 22. 
The engine is carried upon a bed or car wliich rolls along the rails of the 
lower track. The drums of the engine are placed forward in the direc¬ 
tion in which the work is to progress. The head rigpng which is bolted 
to the engine bed projects forward a short distance to carry the blocks 
through which the ropes run from the drums to the rear part of the 
machme. The trestles in the rear of the engine bed are made in the 
shop and are set up individually. The first trestle when erected is 
attached to the engine bed and head rigging by means of two connecting 
bars, one on each side immediately over the rails of the bottom track, 
and a girder at the top which is fastened at one end to the trestle and at 
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the other to the head rigpng. In erecting, work is begun at the engine 
bed and proceeds toward the tail end. All of the trestles are inter¬ 
changeable, except the one which carries the tail table and those making 
up the head rigging. At the rear end of the machine are two braces 
which majs be attached to the next trestle forward or which may be 
swung around and placed against the ground to support the machine. 
The trestles are braced by means of diagonal braces against the girders, 
thus stiffening the machine. Hangers are attached to the girders and 
carry the up))er track, which is made of flat pieces of steel about 6 in. 
wide and 3/8 in. thick. These-are usually in 8-ft. lengths. The girders 
are a little short of lU ft. in length, the distance from center to center of 
trestles being 16 ft. 

The carriages or travelers which oarrj' the buckets are provided with 
wheels hung upon the ujjpcr track. Kach traveler contains a large 
wheel over which the bucket rojre passes. These tub ropes, shown in 
Fig. 22, are attached to an equalizer carried by a small traveler near the 
forward end of the machine. The roiies are of the exact length required 
for spacing the travelers H ft. apiu^t. The main hoisting rope, carried on 
the drum nearest the boiler, is attache<l to the equalizer and runs 
through a large block at the forward end of the head rigging. By means 
of this main hoisting rope the buckets arc raised or lowered into the 
locks in the travelers. Another rope runs from the outer drum of the 
engine through a smaller head block in the head rigging and over the 
t restlc to the tail table at the rear end of the machine. The rope passes 
through this table, which contains two blocks, one at the top and one at 
the bottom, and back through the table to the rear end of the last traveler. 
By means of this rope the buekets are drawn to the rear of the machine as 
the hoisting rope is allowed to run off its drum. 

The traveler is provided with two jaws upon which the tubs rest, thus 
preventing them from falling into the trench when the main hoisting 
rope is relcast-d. When it is desired to lower the tulis, the looks are 
raised by means of a latch-lever and rod, after which the main hoist rope 
is very slowly released, constant tension being kept upon it, until the 
lugs on the tub ropes have passed through the locks. The jaws <rf the 
locks may then be allowed to drop, the rope passing between them. The 
tubs are then gradually and carefully lowered into the trench, the 
engineer keeping a constant strain upon the hoisting rope so that he 
may atop them at any moment upon signal from the latchman, who stands 
on a running board near the forward end of the machine with one hand on 
the bell cord and the other free to operate the latch-lever. 

When the empty tubs reach the bottom of the trench, the ropes 
attached to them are unhooked and hooked onto another set of full 
tubs. The signal is then given by the latchman to theengineer to hoist 
the tubs carefully into the locks. The lugs on the tub ropes are conical in 
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shiijic, and when raised ultimately lift the jaws of the locks and pass 
through them to a height sufiicient to allow' them to drop. When the 
locks have thus dropfHjd, the liitchman signals the engineer, who 
carefully releases the main hoi.st rope allowing the tubs to settle back 
on to the jaws, after which they cannot drop. When the fell buckets 
have thus been landed in the locks, and the latchman is sure that the 
jaws of all the locks have pro|)erly fallen and the tubs are securely 
fastened, he gives a signal to the engineer who releases the main hoist 
rope and draws in the tail rope, thus drawing the buckets to the rear of 
the machine. They are dumped by the dumpman at whatever point is 
desired, either into the trench, on the bank, or into carts jrrovided to 
carry the surplus material to the spoil bank. 

When e.vcuvation in a section has been completed, a rope, one end of 
which is secured to the engine bed, is carried through a snatch block 
secured to a dcadm.an ahead of the machine, and back to a winch on the 
engine. The machine may then be drawn ahead by coiling this rope 
around the winch. Thus only one engine is rerpiired for operating the 
machine and moving it ahead. The sizes ,and eai)aeities of the.se 
machines are given in Table 9. As the tubs are spaced H ft. apart,, the 
four-bucket machine will irrovide for the e.vcavation of a section of 
trench 32 ft.; the six-bucket machine one of 48 ft., and the eight-bucket 
machine one (>4 ft. long. Machines may be had with double or single 
upi>er tracks. The nominal capacity of the doublc'-track machine is ,50 
jM'r cent, greater than the single trench machine, as one set of buckets is 
iK'ing hoisted while the other is being lowered. Thus three sets of 
buckets are continually in u.se, one set being fdled, one hoisted and 
carried to the dump, the other dumjied and returned to be loaded. 


Table !>.—.Si/ks and Capacities oe Carso.n TiiENrii Machines 


Nt' oftuixt 
hointtrtl ul 
a Itiuo 

.\rt of tuh8 
furriiiihtMl 
Mifh 
tiiucUtnf' 

Single or 
douliU* 
up|H>r 
track 

Capncityof niarliinc 
wlu'M run al nimlcnitr 
continuously for 
lU hours, with tuba 
holding f) 5 cu ft each 

Longth of 
Working 
aeulioii 

Ilorap-power 
double drum, 
double cylinder 
hoisting enmue 
required 

4 

12 

Single 

200 cubic yd. 

192 feet 

20 

6 

IH 

Single 

300 cubic 3 'd. 

288 feet 

20 

8 

24 

Single 

400 cubic yd. 

320 feel 

20 

4 

10 

Double 

300 cubic yd. 

192 feet 

20 

8 

24 

Double 

450 cubic yd. 

288 feet 

20 

8 

32 

D<mble 

000 cubic yd. 

320 feet 

30 


The capacities given in Tabic 9 are nominal capacities. It is not to 
be ex))ectM that thc.se capacities will be reached continuously for long 
perioiis of time. As a matter of fact, an average of 100 cu. yd. per day 
of 8 hours is very good work with a si.x-bucket, single-track machine, 
and often the output of the machine will fall considerably below that 
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amount, due to delaj's from various causes such as time required for 
placinK sheeting, lack of sufficient teams to carry the surplus material 
away, difficulties due to ground water, changing laborers from one sec¬ 
tion to another, pipes to be moved, and a multitude of obstacles on- 
countereddn this type of work. 

Three counter-buffers are provided with each single-track machine. 
These are spaced 4b ft. apart on a six-bucket machine and near the for¬ 
ward end. A buffer is attached to the rear tnvvcler, so that when the 
empty tubs which are being drawn In by the hoisting rope reach the 
counter-buffer, the carriages stop anil the hoisting rope then raises the 
buckets slightly so that the latchman has an opportunity to lift the jaws 
of the locks. The buckets are then lowered into the trench. 

If excavation is carriisi on in the section nearest the hoisting engine, 
the rount.er-buffers for the next two .sections ari' tied so that the carri¬ 
ages can be imlled iiast them to the forward eounter-buffer. In very 
hard digging, and sometimes in other eases, excavation is carried on in 
two or thri'c seitions simultaneously. In this ciw the latchman is 
required to 0 [M'rate the counter-buffers from time to time as may 1)0 
n«'(>ssary. If the bucket.s are to be lowered in the section farthest from 
the engine, the buffer of the last carriage will engage the counter-buffer 
farthest from the engine, the tubs will be lifted, the locks optmed and 
then the tubs lowered. If, on the other hand, work is progressing in the 
seconii section, the last counter-buffer from the engine must be lifted 
to allow the bucket.s to iiiuss forward to the middle counter-buffer, which 
engagi'S the buffer oii the last carriage, after which the tubs can lie low¬ 
ered into this section. 

Kach tub is jirovided with a pair of common bails and a latch. When 
the lati'h is lifted one of the bails is releascil, allowing the bucket to be 
revolved. The latchman releases these latches one at a time, as the tulis 
pass him, dumping the tub and turning it back into position and latch¬ 
ing it, or somet iiiies he will release 1 he latches and dump the tubs as they 
pass him going out and right and latch them as they arc drawn past him 
on the return trip. 

A sufficient numlier of trestles must be provided to allow for hoisting in 
as many sections as it is desired to devote to excavation, usually at least 
two; to provide space for the masonry construction, which would usually 
require two sections; and to provide suitable additional spaoc for back¬ 
filling the trench, which should generally be two sections, making a total 
of six sections buck of the engine. In the case of a nx-bucket machine 
each of these ser'tions would lie 48 ft. long, making the total length of 
the working section 288 ft. The method of operating a machine and of 
carrying on the work in the trench is well illustrated by Fig. 23, in which 
excavation is represented as being carried on only in the head section, 
the brick sewer is Ircing laid in the next section, the completed sewer is 
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boini? allowed to stand until the cement has an opportunity to set, in 
the next succeeding section; while the remainder of the sections are be¬ 
ing used for backfiliing the trench. This is a double-track, four-bucket 
machine, using three sets of buckets. One is being filled, one is being 
lowered into the trench, and the third is being dumped. t 

The manufacturers of this machine claim for its advantages that the 
earth is handled but once; all operations arc carried on over the sewer, 
thus neither obstructing the street nor trench operation; a compactness 
of work is secured, by which it is carried on systematically; there 
is a systematic division of labor so that the work of each laborer or pair 
of laborers can U- observed and efficiency thus obtained, and exca¬ 
vation in <]uicksand and soft mud <!an be done more successfully than 
with hand work, or the use of apparatus requiring very large tubs and 
slow operation. 

The force, required to operate one of these machines consists of an 
engineer, fireman, latchman and tubman. In some cases where the work 
is proceeding slowly, the engineer can do his own firing. It is sometimes 
thought desirable to use hoi's for latching and dumping as they are 
quicker and lighter, whereas the older men are slower and do not get 
along as well on the running boards, which are usually 2 or 3-in. plank 
12 in. wide and about 18 ft. long, extending from trestle to trestle the 
entire length of the machine. It is very essential to have a careful and 
alert man or boy to do the latching, as he must observe carefully each 
of the travelers to make sure that the jaws have fallen before the engineer 
releases the main hoisting rope, otherwise a tub may fall through one of 
the locks, in which case, unless the engineer is remarkably skilful, it is 
likely to fall to the bottom of the trench, to the great danger of laborers 
below. Even where the engineer is quick enough to stop the tub, the 
strain upon the tub rope may be great enough to part the rope, in which 
ca.se the bucket will fall to the bottom. The latchman should be fairly 
well acquainted with the machine, and each noon should look over 
the travelers and the upper track and see that all bolts are tight and 
that the travelers and sheaves are well oiled. The authors have also 
found it desirable to have a skilled mechanic, or perhaps the engineer, 
go over the machine carefully on Sundays, to make sure that the ropes 
are properly adjusted, that all parts of the machine which have worn 
arc replaced by new ones, and that the whole mechanism is in perfect 
condition. Too much empha^ cannot be laid upon the necessity of 
having the machine in good order, as it is a source of danger to men 
working below it if it is not in condition for successful and safe 
operationf 

For ordinar>' sewer construction the six-bucket single-track machine 
is probably the most convenient and desirable type. If the trench is 
very wide, or the excavation exceedingly hard, it may be de^ble to use 
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the double-track machine, ttue increasing the output. Where the 
machine is to be taken around curves h is desirable to use the narrow 
track rather than the I-beam track which is sometimes furnished. 
Machines of this kind can be taken around curves of fairly short' radius, 
but diffioujties are encountered when this radius is leas than 100 ft. A 
skilful foreman, who has had experience with these machines, however, 
will successfuUy take them around a curve of very short radius. 

Moving forward rctiuires usually but about 10 minutes shut-down 
of the machine. The lower track should !» laid before the excavation 
of the section Wng worked is finished. VlTicn the track is laid, the 
deadmen provided and the moving ropes are in place and attached to 
the winch, excavation in the bottom of the trench is stopped and the 
machine is quickly drawn forward. Immediately after the machine 
has reached its new i)Osition, the work cun be resumed. 

The cost of operation de|)cnds primarily upon the cost of labor, fuel 
and rental. The union wage for engineers around Boston is S25 for 
a 44-hour week with time and one-half for overtime and 65 cents per 
hour for broken time. Firemen arc usually paid the same rate as com¬ 
mon laborers. 

The charge for a six-bucket, single-track machine including suitable 
engine, is about J200 per month, the cost of unloading from cars, hauling 
to the work and erecting depending upon the skill of the men employed 
and the distance it is hauled. When the men upon the work have used 
such machines many times, as in t he case of some municipal day-labor 
organisations, a machine can be taken out and erected ready for opera¬ 
tion in two days, and can be taken down and packed up at beadquarten 
in from one day to one and one-half days. The cost of taking out and 
setting up where the distance from the shop yard or riulroad is not more 
tlian 2 miles, should average about $100, and the cost of taking down 
and loading for re-shipping or packing away in the storehouse should be 
about $50. Where the men on the work are not familiar with the 
machine and handling it, these costs may bo doubled or trebled. 

The amount of coal used by a six-tub, single machine, upon nine jobs 
in Worcester, Maas., averaged 561 lb. per day, the minim um b«ng 
501 and the maximum 646 lb. These pieces of work each lasted for 
several months, and were not exceptional for work in this part of the 
country. On one piece of work where a four-tub, single-track machine 
was used, 473 lb. of coal were used per day. To arrive at the real cost 
of the use of the machine the cost of setting up and taking down and 
transportation between shop or cars and the job must be added. If the 
job is of long duration these items will make only a small addition to the 
daily cost of operation. The cost of moving ahead, equivrdent to Um 
cost of one additional man per day, must be included in the estimate. 
There must also be a slight addition for minor repain, inspection, oil 
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and waste, so that the net cost of operation ought not to bo figured, in 
estimating work, at less than $25 i>cr day. Based ujwn this estimate 
and an average of 100 eu. yd. jkt day excavated, the cost per cubic 
yard woidd l)c $0.25. This cost includes only the cost of hoisting the 
excavated material, carrying it back and dumping it into thf trench or 
into carts to be hauled away. The cost of picking and shovelling in 
the bottom of the trench and of tamping the backfill or hauling waste 
material to the dump must be added to this, to arrive at the true cost 
of excavation, exclusive of such items as sheeting, pumping, etc. 

Potter Trench Machine.—Another excavating api>aratus especially 
dcwigneil for trench work is the I’otter trench machine, Fig. 24. This is 
a cable-oiierated, bucket machine, running upon a track laid on the 



Potter standard Iniistcr and conveyor. 


ground like the Carson trench machine. A standard machine is 10 ft. 
0 in. wide anil the height of the trestles above the ground is about 7 ft. 
On top of the trestles arc two rails on which a car is moved backward 
and forward. On this car are carried the tulrs, usually two in number, 
although the ear can be equipped for four, or one of them may be taken 
off and the machine o|)erated with the remaining one. This machine is 
opemted by a double-drum hoisting engine carried on a car at the for¬ 
ward emVof the nmchine. The machine is moved ahead from section 
to section like the Carson trench machine. Twelve buckets arc nsually 
supplied with each machine. They are made of steel and vary in 
capacity as desired from I /4 to 1 eu. yd. For very wide trenches, these 
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m^hines may be had wide enough to aoeommodate two upper tracks 

output of the machine 

Patter Excavator and Con,eyor.-The Potter Manufacturing Co. also 
makes a machine known as the Potter Excavator and Conveyor, Fig. 26 
This is^uipiK-d with an orange-iKHil or clam-shell bucket by means of 
which flgpng, as well as hoisting and conveying, is done. The 
material thus excavated is rai.se.1 ami duni,«sl onto a conveying car 
which nins on the u,.iH.r track. When the car i.s lomled it is pulled to the 
rear of the machine, undi-r a scraiier, which scraiies the material off and 
iilhms It to full int(» tin* tronoh as backtiliiiifr. 



Fifj. 25.—Potter excavator and conveyor. 


The Cableway.—The cableway, which is used so frequently on many 
classes of work, is occasionally craployc-d on sewer trench excavation, and 
some siiecial cableways have been made for this purpose. A large 
cableway of the ordinaiy type is not particularly well adpated for 
sea cr trenching. For this work, light towers which can bo easily 
mov^ should be provided, and the cableway should Iw relatively short 
usually not over 300 ft. in length. Only one tub is liandled at a time’ 
and this has a capacity varying according to Uic requirements of the 
work, from 1/2 to 1-1/2 cu. yd. 

As a cableway is relatively high above the ground and is supported 
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Fio. 26.—Cableway used on St, Louis sewere (Lambert). 










iiG. 28.—Steam ahovcl with high crane and long arm. 
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3-Ui, LM)—Austin trcm-hcr e\ca\;itins ;t trench ;iti inches wide iiinl 15 feet 

deep. 











md itB^ only it tbe wids, SM to 1000 ft. if; 

piweiit the bueketa from ewinging end hitting ud ooeatioiiatly loigii^^ 
ing otrt the timbering «nd endangering the men in the trench. It {• 
alao diffieult to land the bueketa gently and if landed rou^y there k 
danger to the men and difficulty in moving the empty buticet to tht 
denr^* petition. Similar, though lees serious, trouUe attencb the 
hoisting. Another obieetion to the cableway upon seww work is due to 
the fact that it cannot be moved forward quickly but must be taken dow% 
carried forward and again erected every time it is moved. This opera¬ 
tion consumes considerable time during which all excavation is stopped. 

On the other hand, the cableway possesses some advantages over 
some of the other trench machines, as the cable is hifffi above the street 
and there is no track to maintain and keep clear. The excavated material 
may be piled as high as desired under the cableway. There is alao lees 
danger of damaging the machine when blasting. As the cableway k 
supported only at each end it add.i no weight to that of the banks to be 
supported by the sheeting and bracing. 

■nic standard 40ft-ft. span sewer cableway made by the Lambwt 
Hoisting Engine Co. is shown in Fig. 28, a view taken on some sewer 
work in 8t. Louis, where such cableways have been used to a considerable 
extent. A double-drum hoisting engine is used on these plants, built 
to enable the operator to hoist and convey his load simultaneously. 

Carson-Trainor Holster and Conveyor.—For trenches in which the 
cableway tjqie of machine is desirable but its system at anchtwage is 
objectionable, a type of machine has been devised, by which tin^ 
buckets are operated much the same as by the cableway, but are carried 
upon a steel track supported by wooden or steel frames at similar design 
to those of the Carson Trench Machine. This is known as the Carson- 
Trainor Hoister and Conveyor and is moved forward in the same 
as the trench machine. 

Steam Shovels.—While the steam shovel is not psrticulariy wdl 
adapted to ordinary sewer construction, it has been used with ame or 
less success upon some large work. For this purpose it is usuiffiy detir- 
able to provide an unusually high crane or a long dipper arm qr b u ri h - 
although a shovel of standard dimensions may be used for a firstiWh^ 4 • 
trench, ultimately to be carried deeper, or for the whde excavatumfe i 

very shallow trench. The use <rf such a shovel for making the fl«t cut 
on the Southern outfall in Louisville, Ky., 1908, is illustrated in F5g. 27. 
This shovel was moved upon rails laid at tiie bottom rf the cut. It tns 
of standard design and made a cut about 10 ft. deqj, the excavated 
material being discharged into can run on a standard gage track dose 
to the edge of the trench. 

A shovel designed for sewer construction is shown in F%. 28. This b 
carried by a specially constructed car, moving on rdls ruimiiig on . 
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on either side of the trench. The crane is high and the dipper arm is 
long, so that it was possible to excavate to a considerable depth. Similar 
shovels are sometimes mounted upon traction wheels which run upon 
heavy timbers on each side of the trench. About 10 lin. ft. of trench 
may be excavated for each move of the shovel, each section being 
thoroughly braced before the shovel is moved ahead, to prevent the 
caving of the banks while carrying the shovel. 

The capacity of steam shovels varies greatly and the capacity of a 
shovel used ujwn a sewer trench is likely to vary greatly from day to 
day. While the noiiunal capacity of a shovel may be perhaps 1000 or 
1500 cu. yd. [ler day, the delays incident to the work are often so great 
that only a relatively small percentage of the nominal capacity is ex¬ 
cavated. Such delays may be due to the sheeting and bracing of the 
trench, the jdacing of masonry and waiting for masonry to set and 
bcctmie strong enough to cariy' the backfilling. If the shot'el is used 
only to excavate the upjrer part of the trench, it is probable that the 
excavation of the lower ])art. will not ])rocecd as rapidly as the shovel is 
capable of removing the. U])i)cr ))ortion. The steam shovel will therefore 
remain idle for considerable periods of time, thus greatly reducing the 
nominal output. 

In estimating the cost of steam shovel work on sewers these elements of 
delay should bo given proper weight. While the cost of steam shovel 
excavat ion under nio.st favorable conditions, where trenches are relatively 
shallow and delays are few, such as ditching for drainage puri«)ses where 
masonry structures are not required, may be as low as 5 to 10 cents iht 
cubic yard, the cost of ordinary sewer excavation, where trenrhe.s are 
fairly deep and the usual difficulties arc encountered, is likely to run 
from 15 to 25 cents per cubic yard, even upon relatively largo work. 
These estimates do not include the cost of pumping, sheeting, handling 
backfill, trans])()rting surplus material to the spoil banks, etc. 

It is difficult to sheet and brace securely a trench excavated by steam 
shovel, as the bracing, if put in before the excavation is carried danger¬ 
ously deep, will be in the way of the dipper. Furthermore it is not 
possible to excavate to the exact lines required for the sheeting. Kither 
the shovel excavation must bo kept narrow, necessitating much hand 
trimming of the banks, or it will be too wide in places, making it im- 
jmssible to sheet and brace the banks properly. Where the trench is 
through paved streets, or streets in which gas and water pipes arc laid 
and where buildings stand near, damage is almost sure to follow the use 
of a steam shovel because of settlement of the adjoining ground due to 
improper slRcting and bracing. In some cases, also, it has been found 
that the great weight of the shovel, necessarily supported close to the 
trench, has increased the strain upon the timbering and caused the settle¬ 
ment of the adjoining ground. 



MACUINBRY FOR TRSNCU BXCAYATIOS 95 

In spite of these facts, the steam shovel may be used suocessfuUy in 
mme ei^, for making the first cut for deep sewers of large dimenwons, 
the nriafenal so excavated being hauled away and wasted, while the 
remaining and deeper portion of the excavation is made by one of the 
other methods herein outlined, the material excavatisl thereby lieing 
retained for backfilling the trench; and it may prove advantageous upon 
some other trench work where conditions are particularly favorable. 

Endless Chain Machines.—Machines of the endless chain variety are 
usually oiioratcd directly on tile ground by engines mounted uimn wheels. 



Fio. ,10 —Hni kcyc traction ditcher. 


The digging is done by buckets carried by an endless chain running over 
sprocket wheels on the end of an arm sus|>cnded from the rear of the 
machine and adjusted to permit the excavation of the trench to a precise 
grade regardless of the inequalities of the surface over which it panes. 
The width of the trench excavated is governed by the width of the 
buckets selected, each machine being supplied with buckets of several 
widths. The material excavated by the buckets may be dropped upta 
an endless belt operating crossways of the ditch and di«cb.r |png the 
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excavated material in a windrow on cither side of the trench or into 
wagons to be hauled to the rear of the work for backfilling or wasted. 

There are a number of different makes of machines of this type, each 
having its particular method of loosening and excavating the material, 
all of which should be investigated before the most desirable machine can 
be selected for the particular work in hand. The Austin Trencher is 
illustrated by Fig. 29. The advantage of these machines over those of 
the Carson tyjw is that no picking and shovelling is required, the ma¬ 
chines doing the excavating as well as the hoisting, and discharging onto 
a spoil bank at the side of the trench or into carts. These machines are 
adapted for relatively shallow trenches through virgin soil where brac¬ 
ing is not necessary, and where pipes, conduits and sewers cros.sing the 



Fio. 31 —Excavating a ditch with a drag-line scraper. 


trench are not encountered. In some classes of material which require 
bracing, it may Iw jiossiblc to excavate a short distance ahead of the 
bracing, moving the machine along and then adjusting the braces behind 
It, iw illustrated by Fig. 29. This would not be practicable in many 
sandy soils, and especially where there is considerable ground water likely 
to cause' caving of the banks. The sizes and capacities of Austin trench¬ 
ing machines are given in Table lOA, and those of the Parsons machines 
m Table lOB. 

Another somewhat similar type of trench excavator has the buckets 
attached to'fi large wheel instead of endless chains. The Buckeye Trac¬ 
tion Ditcher, Fig. 30, is an example; it has been used mainly in laying 
dram tile, but has also l>een emplo>-ed in sewer and water-main trenches 
« relatively narrow wkJlii. The trench shown in the illustration waa 
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32 in. wide and 12 ft. deej), on a contraet taken b)' Laurin k Leitch, 
Montreal, P. Q. 

Drag Scrapers.—Drag scrapers have long been used to remove the 
upi»er jHjrtion of the trench, but liave usually been operated by animal 
I>ower. More recently .similar device.s have been o)H!rated by portable 
derricks built with extremely loiiR booms which handle a sjK'cially de¬ 
signed scraiwr. This scraper is dropped from the end of the boom into 
the trench and drawn along the bottom until it is filled, when it is raised 
by the cable, moved to one side by the boom, and its contents dcj)ositcd 
along the trench or in wagons or cars to be hauled away for backfilling or 
to Ik^ wast(sl, as may be desired. 

The nnodiine shown in Fig. ,31 wa.s an electrically operated Hucyrus 
excavator, but the sleam-oi)erated machines are similar in airpear- 
ance. The boom was t,'') ft. long and the bucket held I-I/4 cu. yd. The 
machine moved on caterpillars instead of ordinary wheels, and was em- 
l)loyed on an irrigation ditch by the U. S. Rtadamation Service. 

Derricks and Cranes.—Derricks and cranes iire frequently used for 
sewer construction, and may be suj)portcd either upon rolling platforms 
or wheel trucks moving on the ground or on tracks. These derricks 
are usually placed along the side of the trench and are u.sed to operate 
orange peel buck<‘ts, or to lift buckets which have betm filled by laborers 
in the ditch, dumjiing the material in windrows along the trench, or into 
wagons or cars tor hauling back to the finished portion of the sewer for 
backfilling or wasting. 

For this type of machine the regular locomotive crane pivoted to 
o()crate in any direction is most convenient, especially as it may be 
moved (luickly forward or backward along its track by its own power. 
With proper management this machine should seldom lie idle, for when 
it is not needed in excavating it can be used in loading or unloading 
cars or wagons, in placing materials in the trench, in operating scrapers 
for backfilling, or in pulling sheeting. 

The Iwomotive crane, however, is an exjw'iisive machine, costing 
about $7.o00. On this aci'ount, many contracts are too small to warrant 
its use. A wooden stiff legged derrick oiwrated by an ordinarj' double¬ 
drum hoisting engine, costing from $1,500 to $2,500, has been found very 
useful upon large work. A derrick of this sort used on the laiuisville 
Bowers is shown in Fig. 32. The length of boom will depend upon 
the width of trench and the available space for the spoil bank, but 
will generally not exceed 30 ft. 

Ezcavktifg Buckets.—I’ljon some classes of large sewer work where 
the nuvtcrial to be cxcavaUal is of a loamy or sandy nature, the use of 
orange |)eel or clam shell buckets o[Hwatcd by locomotive cranes or 
stiff legged derricks may prove economical. Obviously it is not i>ossible 
to trim banks accurately to line with such excavators. This must be 
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done by hand, the material trimmed off being thrown toward the oenter 
of the trench where it can be picked up by the bucket. Where such 
buckets arc to be used it is desirable to make the sections between 
braces 10 ft. or so long, to allow ample room for the swinging of the 
bucket, *vhich cannot be altogether prevented. With such apparatus, 
as with the steam shovel and other mechanical excavators, it is not 
desirable to carry the excavation to within 6 to 12 in. of subgrade. 
This latter portion of the excavation should lie done by hand, because 
digging with buckets or dippers in the imniediatc vicinity of subgrade 
is likely to loosen the material, thus giving an opiKirtunity for the 
settlement of the masonry structure to lx- jilaced uimn it. Further¬ 
more it is not pos.siblc to excavate with such machinery' exactly to a 
givi'ii elevation. If the attempt is made to ex<'avate exactly to subgrade, 



Fio. 32.—Traveling derrick, Louisville, 

the probablility is that much of the excavation will be carried slightly 
below subgrade. Refilling with some suitable material will then become 
necessary'. Fig. 32 shows an orange pwl bucket dumping its contents. 
In excavating it is dropped in an open position to the bottom of the 
trench and then closed by hauling on the main rope. The heavy leaves 
or scoops are so formed and the w'eight of the bucket is so great that 
they dig into the material in the trench as they close. 

Economical Use of Machinery.—The type of machine to be used 
and the extent to which it is us^ will vary according to the conditions 
surrounding each particular undertaking. Where much rock excava¬ 
tion is anticipated, the necessary' delay in its excavation may preclude 
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the use of expensive machinery upon the excavation of the overlyin 
earth as it will be likely to remain idle much of the time. 

Sucocas in the use of machinery for excavation is dependent upon cot 
tinuity of operation, at a rate approximating its nominal capacitj 
When machinery is employed on sewer construction a full quota o 
labor, teams, cars, etc., should be provided, so that the machinery ma 
be constantly employed, and consequently the unit cost of the machiner 
charge may be reduced to the lowest possible figure. In this connectioi 
it is important to note that the machinery should be kept constant!' 
in repair, the repairs being made at times when the work is shut down lo 
any cause. 



CHAPTER V 

METHODS OF ROCK EXCAVATIOIT 

The method to be adopted for the excavation of rook in sewer trenches 
depends upon the quality and quantity of rock to bo excavated. I.«dgo 
varies greatly in character, from that which is disintegrated and soft 
and may be removed by picking and shoveling as readily as some kinds 
of earth, such as hardpan, to extremely hard, igneous rock like granite 
and trap, which require drilling and blasting for removal. Between 
these two limits there are many kinds of rock of varying degrees of 
hardness. Some may be removed by picking, barring and wedging 
without the use of explosives, and some, like limestone, may lie in nearly 
horizontal strata and may be removed by methods similar to those em¬ 
ployed in the ordinary quarrying of building stone. 

The method to be adopted for excavating a certain quality of rock 
may vary under different conditions. In some eases the quantity to be 
removed is so small or the danger of damaging adjacent structures may 
be so great as to warrant its removal by picking, barring and wedging 
even where the nature and quality of rock are such as to warrant drilling 
and blasting under other conditions. 

The methods commonly used for drilling ledge may be divided into 
two classes, hand drilling and )>owcr drilling. Hand drilling in turn may 
be subdivided into three classes, single hand, double hand and chum 
drilling. Power drilling may t)c classified in accordance with the type of 
machine drill used, which may be a rotary or core drill, a reciprocating 
or percussion drill or a hammer drill. 

Hand Drilling.—For small holes and occasionaUy for large ones of 
moderate depth, the drill may be held in one hand and struck by a ham¬ 
mer held in the other hand, the hammer weighing about 4 lb. This 
method is largely used in quarrying, where a number of small boles ars 
drilled in a line along which the rock is to be split by driving small 
wedges into the holes between tapered strips of steel. The w(>dgee and 
strips of steel are called ‘ slugs and feathers.” 

For larger and deeper holes it is customary to have one man bdd and 
turn the drill, while two or three men strike the head of the drill in rota¬ 
tion with hammers weighing from 8 to 12 lb. In this method, the drills 
should be turned about 45 deg. each time in order to insure a nearly 
round hrde. 

In chum drilling the h(de is drilled by Hie churning of a steel dtfli, 
whioh is raised by hand and allowed to drop of its own we^it, or H may 
101 
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be thrust into the hole, although but little advantage is gained thereby. 
Each time the drill is raised, it is turned about one-eighth of a revolution 
so as to prevent its striking the bottom of the hole successively in the 
same position. By confining the turns to about 45 deg., the hole is 
maintained more nearly circular than would bo the case if a larger turn 
were given each time. Where added weight is desirable, a ball of iron or 
steel is sometimes welded to the drill rod, at or slightly below its middle 
point, care being taken to have the center of gravity of the ball in the line 
of the axis of the rod. 

The bit ordinarily used in double hand drilling is provided with a 
chisel edge and is made from octagonal steel 7/8 in. in diameter. The 
wedge-shai)ed edge varies in sharpness according to the qu<ality of rock 
to be drilled. It should be made as sharp as possible and yet not break 
or become rapidly dulled. The angle of the wedge-shaped edge usually 
varies between 4.5 deg. for soft rocks and 90 deg. for har<l rocks. 

Bits are usually made up in sets, depending upon the depth of holes 
to be drilled. The bottom of the hole must be about 1 in. in diameter 
to receive the onlinary dynamite cartridge. The finishing drill must 
therefore have a face at lejist 1 in. in length, and as a matter of fact, it is 
usually made somewhat longer, in order to allow' for wear. Each bit 
must 1)0 slightly smaller than the bit preceding it in order to allow for 
wear in drilling. A set of four bits will ordinarily vary .approximately 
between 1-5/8 in. for the starting bit to 1-1/4 in. for the finishing bit. 
It is necessary to re-shari)en the drills at frequent intervals, not only 
that they may be reasonably sharp, but that they n)ay be of proper gage. 

The cost of hand drilling varies according to the hardness of the rock, 
although the difficulty of drilling is not always dependent wholly upon 
hardness. Hock which is seamy and lies at an angle eteeper than 45 
deg. with the horizontal, may be quite difficult to drill because of the 
tendency of the drills to bind and stick in the holes. Limestone is 
usually very easily drilled, while trap rock and quartzite are hard to 
drill. Some seamy shale, although relatively soft, lies at such a steep 
angle with the horizontal that it is difficult to drill. 

The authors have usually found it desirable to provide one man to 
turn the drill and two men to do the striking. An illustration of the 
amount of work done by such a gang of men is furnished by the data 
given in Colmnns 1 and 2 of Table 11. 

Assuming that the wages paid the laborers for this work were $2 per 
day of 8 hours, it appears that the cost of labor for actually drilling the 
holes v|ped, on the average, from 28 to 60 cents per foot of hole drilled. 
This, however, does not include the cost of the steel, of sharpening the 
drills, or of the time of the foreman, supervision, or any cost for supplies, 
bookkeeping, etc. The holes drilled were of proper size for the ordinary 
cartridges of blasting dynamite. 
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Hand and bt 8«an Dwll. 

IN Dat of ijoBT Hocks in Sewer Trenches at Worcester, 
aMasa. (1905-1906) 

Holes drilled by one 


Holes dnlled by band 
by 3 men 

_M»*imunf [ Aversire 


31 in. steam drill 
Alaximum ‘ Average 


Charaeter of ledge 


(1) 

(2) 

(3) 

1 (4) 

24.0 ft. 

12 3 ft. 

68 0 ft. 

' 50 3 

20 7 

; 13 2 

70 0 

49 5 

21 2 

i 17 8 

42.0 

30 3 

13,0 

I 10 2 

78 1) 

43 2 

10 5 

11.9 

38 0 

32 1 

28 6 

i 21 r, 

64 0 

45 6 


ftJ 


(5) 

Soft,Beamy, mica schint on (*dgf 
Soft. seimiy, mi™ srhist on odgf 
finoiss, liHitl with warns 
St'hist, very soft in some plaeos 
Trsproek, very hard 
Very sof t mien sehist 


AT,,/,.-The holes dr.lle.i were from 2 to 4 ft. in depth, nveraainK 3 ft 
himi"inn! - r- 'in-o- mneh w:^lc “as t!.^ 

H. P. (iillette, in hi.s work entitled “Uock Kxenvation,” pves an ap- 
proxmiate eHimato of the rate of proRress of douhle hand drillinR, tw 
men strikiriK, when dnlhoK « 0-ft vertical hole, as 7 ft. in 10 hours in 
granite. 11 ft. in trap and Hi ft. in limestone. 

Spacing of Drill Holes.— The s|)aciug of driU holtts and the quantity of 
rock oosened per fool of hole and fair pound of dynamite vary greatly 
with the character of rock to be excavated, the strength of the dynamite 
used the WKlIh of trench and the iieces-sity of loatling lightly to protect 
I. Hidings and nndergrouml structures. Blasting in trenclL requires 
much more powder than blasting on the surface, for it is possible to 
provide but one face and that often a narrow one, toward which to 
hi iw I rof. Henry N. Ogden, in his book on "Sewer Construction,” 
p. .^ 2 . 1 , has covered this subject very clearly. 

wiil'^eLTt"''*.?'' the amount of the char*. 

The iXiv , r^f X'!' X" 7'"'^’^'’'' “P^ifi'^tions fol J 

. ' kinda of rocks ia mofit confusing Ui the forenmn 

who meets a new formation. In soft rock and in sedimentary rock in 
thin layers properly distributed blast hoi™ will carry down a tXch Xh 

iregular and uneertam lines, ofien loosening the dirt cover for many feet 
on each sale of the trench, if not actually filling the tmneh wdteXh dX 
M™t specifications n-qinre excavation in rock to be carried to a depth 6 in 
below the bottom of the pipe. In aislimentary rock in thin 
a thick layer comes just above the excavation bottom, it /• —n enn 7 

1^and thick, hard limeatones with atrata diaailvantageoualy pla,^*hX 
fluently neccasary to drill I ft. I«l„w the trench botZi in ord^W. 
*’”ttom at leaat 6 in. Mow the piiie 
The usual practice of placing the holes in a tmnch is to apace them about 
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3 ft. apart longitudinally and tranavereely about the same distance. Thus, 
in a trench 3 ft. wide, two holes are drilled, one on each side of the trench. " 
In a trench 6 ft. to 8 ft. wide, three holes would be used, one on each side 
and one in the middle. In a trench 14 ft. wide, in Newark, N. J., five holes 
in each row were used, the distance apart, longitudinally, of the rows being 

4 ft. In soft limestone the author has,for trenches for 6-in. pipefnot over 8 
ft. deep, particularly when only the bottom of the trench was in rook, 
put down a single row of holes in the middle of the trench, but a large amount 
of picking and hammering is always necessary to finish up the work. 

“ As to the depth of the hole, the necessity of avoiding accidents, excessive 
noise, and rattling in nearby houses, limits the amount of the charge. 
Usually the depth of the holes is made the same as the distance between the 
holes, although in tough rock the depth can with advantage be made greater 
than that distance. The deeper the holes, the cheaper the work, since 
frequent changing of drilling machines means loss of time. Gillette gives 
the following theoretical table (Table 12) to show the effect of spacing of holes 
upon the cost of excavation, tabulating the number of feet of hole drilled 
per cubic yard excavated; 


Table 12.—Effect of .Spacing of Holes on Cost of Excavation 


Distrvnro Apart of hoieii, ft 1 t 1 2 

3 1 4 1 6 I fl 1 8 10 

Cubic yards per foot of hole ...j .04| .15 

hVet of hole per cubic yard. ..[27. j6 8 

.33: .Se! .931.33 2.37 3.70 
3.0 3.7 1.08 .75 .42 .27 


“Since drilling costa from 10 cents to 50 cents per linear foot, an unwise 
or unforscen combination of high cost drilling with shallow holes near 
together, may very easily add from $1 to *3 to the cost of a cubic yard of 
rock excavation. In loose seamy shale, shallow holes near together are 
necessary to retain the force of the explosion." 

Whore a trench is to be excavated in a stratified rock like limestone, in 
which the strata are practically horisontal, it is well to bear in mind 
the probable necessity of removing practically the whole of the bottom 
stratum although the grade line may come only a few inches below its 
upjier surface. 

From data given in Gillette’s “Rock Excavation—Methods and Cost,” 
Table 13 has been compiled, and by reference to this table it will be 
possible to obtain a very rough idea of current practice in trench ex¬ 
cavation regarding the spacing of holes, the quantity of rock loosened 
per foot of holes drilled, and the quantity of dynamite required per cubic 
yard of rock. One of the authors found in the excavation of rock in 
three trenches, the quantities excavated varying from 110 to 2335 cu. yd., 
that tl^ quantity of dynamite required ranged from 1.4 to 1.82 and aver¬ 
aged 1.58 lb. per cu. yd. of rock removed. He also found that excava¬ 
tion in a very hard rock in trench required about 2 lb. whereas excava¬ 
tion of this same quality of rock in a tunnel required 8.4 lb. of dynamite 
per cubic yard of rock removed. It should be stated, however, that 
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this tunnel wu very nnall, was so situated that it was not possible 
^0 use deep holes and that it was necessary to load very lightly. 

Taaui 13 .—Data Rclatino to Driluko and Blastimo or Rock in 
Trenches (Gillette) 


1-•- 

Width 1 

i i 

Spnoioc : 

1 Laacth of 1 

Kind of rock 

1 

of 1 

; No. of I 

of rows 1 

! drill boU 

1 treneh., 

1 bolM 

of bo)e«. 

I P«' 


Iwt 1 

i 

foot 

1 yd . ft 1 

Granite. 

2j-3 

2 

3 

6 

Trap. 

0 

3 

3 


Trap. 

8' 

.3 

4 

2 53 

Soft sandatonf!. . 

! 14’ 

5 

4 

2.4 

Sandstone’. ... .... 

6 

^ 3 

3 

4} 


|p«r eu rd. 
lb. 


2 6 
1 

0.55 


' 12 ft. deep ' 10 ft. deep. * Seamy rock and holes 4 to 0 ft. deep. 


Cleaning Holes.—During the process of drilling water is poured into 
the holes, which tends to hold the rock powder in suspension and forms a 
sludge which must be removed from time to time. This may be done 
by the use of ascraperor “spoon,” made by attaching a semi-cylindrical 
strip of steel to the end of an iron rod about 3/8 or 1/2 in. in diameter. 
The bottom of the cylindrical portion of the spoon should be turned up 
much the same as the point of an ordinary tablespoon. Whore such a 
spoon is not available, the broomed end of a round stick of slightly smaller 
diameter than the lower portion of the hole may he dropped into the 
hole and withdrawn, bringing with it a portion of the sludge, which may 
be removed by striking it over a nearby object. 


DRHLmO BY MACHINERY 

Wlien the depth of holes, hardness of rock or quantity of ledge to 
be excavated is such that the economical limitations of hand drilling 
are exceeded, drilling machinery should be used. Of the throe different 
types of drilling machines in common use, the rotary or core driU is 
rarely if ever used for the drilling required on ordinary sewer work, 
although it may occasionally be used to advantage for making test 
borings. 

Sotuy or Core DrilL—The rotary drill rotates the bit which outs or 
chips the rock at its base. The more common form is the so-called 
"core drill,” by which an annular hole is cut by the bit,tiius leaving in- 
■de the hollow steel a core of the rock which may afterward be bndun 
edf and withdrawn, thus furnishing a sample of the material enoounterad. 
There are two types of core drills which are described in Chapter I. 

Ree^irocaling or Pereusshm DrilL—The reciprocating drill has been 
used upon all kinds of rock excavation for many years. It is driven by 
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Hteaui or coiiiiircsBcU air and is used upon heavy work where hand or 
liammer drillinR would not prove economical. It consists essentially 

/ 



Drffennttal Valve Drill. 





Butterfly Valve Drill. 

Jta. 33.—Four types of valves for percussion drills. 


of a steam cylinder in which a piston is driven forward and backward by 
the steam. The bit is attached to the lower end of the piston rod, which 
is rotated on the upward stroke in order that the hole may be drilled 
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round and true. The bit is made to follow the rock as fast as it is cut 
away, by moving the entire cylinder toward the rock by means of a feed 

■ ithdrawB the bit from the rook at 

k against the rook at each down- 
[lercussion drill. 

ting drills, differing as to details of 
(cd are often distinguished by the 
iteam or air supply, four leading 

x)] pattern, so arranged that the 
c blow may be governed by the 
jy a short light stroke in starting 

.. „ , ^reas after a hole is well started in 

good ledge a powerful blow may be delivered under full steam or air 
pressure. This ty|)e of valve is desirable on a drill for hard, even rook, 
rc(|uiring a heavy blow and high air pressure. 

The tap|)et valve is of the rocker type winch necessitates a full stroke 
of the piston. This tyim of valve is used in Araparatively soft rocks and 
with moderately low steam or air pressures.* 

The auxiliary valve drill is a combination of the differential and tapjjot 
ty|)Os, in which the strain to which the tapiiet or rocker is subjected is 
transferred from the main valve to a smaller auxiliary valve. Drills 
with this valve are used for general work, where the rock may vary from 
very hard to very soft and the iiressurc of the steam or air may be 
variable. 

The butterfly valve drill is a later tyivc than the others, and possesses 
iwlvantages of both the differential and tappet types, in that the valve is 
jMisilive and instantaneous in action, opens fully at the beginning of the 
stroke, and has small travel and large port openings. 

The sisc and type of drill to be used deiicnd upon the hardness of the 
rock and the diameter and depth of holes to bo drilled. For ordinary 
sewer sections where the drills must lie used in relatively narrow quarters 
it is desirable tluit they be as light as is consistent with the character of 
work they are to (lerform. Drills having a cylinder from 2-3/* to 3-1/4 
in. in diameter and a stroke from (I to 0-1/2 in. in length are commonly 
used. The feed screw operated by luind varies in length in the different 
types of machine, but may, for ordinary work, be taken at 24 to 30 in. 
The difference in length between consecutive bits in a single set should 
be substantially ctiuivalcnt to the lengths of the feed screws. 

In open trench work, drills are commonly operated by steam, in which 
case it is important to have the steam supply pipe of suitable size and a 
boiler of ample ca))acity. For a 3-1/4-in. drill a steam pipe from 100 to 
200 ft. in length should be 1-1/4 in. in diameter. A boiler of at least 10 
h.p. fdiould be provided for a drill iff this size, but if more than one drill is 
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u»od, the required horse-power can be obtained by multipl}ring that 
required for one drill by the oonstant given in Table 14, which is a part 
of a table prepared by the Ingersoll-Rand Co. i 


Tabue 14. —Multipuehs to be Used m DETESuimNO the Bo/^b 
Hokse-powek pob Rock Diuli.b pkom the Powee pok Oni^ De^ll 


DriUs, No. 

.. jli2:3 i4 Is 

6 1 7 1 8' 'f'D 

To" 

Multiplier. 

1 0 1 8 2.7 3.4: 4.1 

4.8j^" 6.0| 8.S 

7.1 

Drills, No. 

. . ..! 121 IS 20 ! 2S j 3^ 



Multiplier. 

.:s.lfi.511.713.71S^ 

in.4!2S.5 29.4i33.2 



The a'cight of the drill will be approxinmwy 300 lb. and the weight of 
the tripod on which it is mounted wJWfrt^proximately 250 lb. without 
the weights, which will addabout/JoO lb., making the total weight of the 
drill mounted upon its tripod, ready for use, approximately 860 lb. 
The handling of such a drill in a narrow sewer trench is a matter of some 
difficulty and requires considerable time. It is always necessary 
to provide at least 2 men to t,)crateand handle the drill, the drill runner 
and a helj)cr. When the dpll must be moved it is usual to call upon a 
third man. In case two or more drills are being used in close proximity 
it may be ])ossiblc to draw the third man from another drill, thus provid¬ 
ing only 4 men for the operation of two drills. 

Under ordinary conditions the rock pulverized by the drill is carried 
from the hole by water thrown into it and churned by the up-and-down 
motion of the bit. In some cases, however, difficulty is experienced in 
cleaning the hole in this manner, and it is necessary from time to time 
to remove the bit and pump or "gun” out the hole. To meet this 
difficulty a drill has been placed upon the market which has a water 
tube leading through the rotating screw, the piston and piston rod and 
communicating with the hole in a hollow steel bit. By attaching a 
water hose to a fitting at the top of the drill, a supply of water can be 
forced through the machine and bit, thus providing a constant flow of 
water to the bottom of the hole, from which it rises around the bit, 
carrying with it the rock dust, and overflows at the surface, thus freeing 
the hole of sludge. This device is said to be particularly useful for 
horizontal or up holes required for tunnel work. It is also clumed that 
compressed air can be forced through this inner tube and drill, thus 
blowing the rock dust out of the hole in a manner similar to that attend¬ 
ing the use of the ordinary hammer drill. This method of ejecting the 
dust is said to be effective to a depth of about 8 ft. 

For fxcavating rock in tunnel headings, it is usually more (xmvement 
to mount the drill upon a mining column or shaft or stojnng bar, than 
upon a tripod. The columns are braced or jacked against the nx^ in a 
horizontal, vertical or other position. The drill moimted upon the 
column may be slid along to the desired position and rotated about the 




Flo. on «>luma in rock tunnel for newer. Fio. 35. --Wheeled trench ditU (Sullivao) 
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column ia any direction. Ik % 3i the drill k ihown m mounted vpM 
an adjustable arai) onto and from whicdi it can be moved after simply ' 
slacking off two nula. TTik view was taken in a aewor tunnd in Woe- 
, Mass. 

Upon •ordinary sewer work where the number of drills employed k 
jim a}!, it is more common to provide steam than oompreased 
air for ’^P^l^^he drills. It often happens, also, that other machines 
are operatea^*%||e same boiler, so that fumiahing power for the drUl k 
only one of the conlk^tions entering into the problem of the selection 
of the power plant. Cm^ressed sir, however, some advantages over 
steam, perhaps the moet^portant being its greater elasticity, if the 
word may be permitted, wlMai^uses the sir drills to operate in a mwe 
snappy and efficient manner tlum^hose driven by steam. Another 
consideration is that the rubber hose ^necting the supply main with the 
drills will last much longer in the case m air, and that there is somewhat 
less danger of injury to the workmen iimiase the hose bunts or the con¬ 
nection of the hose with the drill is\lown out. Furthermore, the 
escape of steam from leaking joints, and tim exhaust itself, in many cases 
causes discomfort and hinders the work oflhe men. There is also con¬ 
siderable loss of power, due to the condeflration of steam, especially in. 
cold weather and where long pipe lines arc required. Better lubrication k 
possible when the drills are operated" by air as the steam seems to wash the 
oil out of the cylinder. 


Table 15.—Infobmatiob Concehnino DntLLS (.Scluvam) Siutabui roa 
Ordinaht Sewer Work 


Diameter of cylinder, in. 

21 


31 

Length of stroke, in. 

Length of feed (depth drilled without chang- 

SI 

6| 

7 

ing stoei), inches. 

22 

24 

24 

Depth of hole machine will drill easily, feet . 

11 

18 


Diameter of hole that may be drilled, in. 

11-2 

IHI 

IH 

Sise of drill steel, in. 

No. of pieces in set of steel to drill holes to 

1-11 

IHI 

IHi 

depth above stated. 

e 

0 

10 . 

Diameter of steam inlet, in. 

1 

I 

I 

Siie of hose to connect to drill, in. 

Sise of steam pipe to carry steam 100 to 200 

I 


u 

feet, in. 

1 

u 

1» 

Site of boiler to supply steam for one drill, h.p. 

8 

10 

12 

Weight of drill unmounted, lb. 

162 

295 

325 

Standard sise of drill shank, in . 

lX6f 

11X71 

11X71 

Weight of tripod only, lb . 

215 

240 


Weight of tripod wekhts, Ib. 

306 




The use of compressed sir for operating drilk in tunnek and very dt(|» 
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itlmftH in ttlmoxt u npcewsity, although the authors have driven a short 
tunnel with steam drills, the exhaust being piped back to the outside 



mounted on the same trucks, Fig. 35, and run over the trench in which 
the drilling was to be ilone. When the drill is in the proiier jiosition, the 
rear of the truck is jacked uii from the ground so that the jacks may take 
up the strains and vibration. This machine is intended to save much 
of the labor re(|uired to set up and move a drill mounted on a tri|M>d and 
to bo a machine which can Iw easily moved about. The drill is 
mounted ui>on a bar along which it can be moved a distance of almut 3 
ft. and about which it can be revolved so that holes may be drilleil 
obliquely as well as vertically. This machine is adapted for trenches 
from 2 to 5 ft. in width. 

Hectric-ifc' DriU.—The electric-air drill. Fig. 36, is driven by com¬ 
press^ air fiirnishetl by a pulsator. This pulsator is geared to an 
electric motor, using either direct or alternating current, and both 
arc mounted on a small truck for ease in handling. The air is never 
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exhausted in this pulsator, but is sitnirdy used over and over a{|;ain, 
moving back and forth in a closed circuit. The pulsator requires no 
’ntake or discharge valve or water-jackets. This'drill may well be used 
where electric power is available and is cheaper than air or steam power on 
aca unt of high fuel cost, and n'hcre high altitudes impair the efficiency 
of the o.”U'uiry air compressor and when' pipe line.s would l>c objection¬ 
able. Part of the rock drill¬ 
ing at the Kensieo dam of the Jjji ^ I 

Catskill water supply r.'r New | fe', j 

York was done by these u.ills. '' 

Hammer Drills.—The ham- li 

mer drill Is a relatively new. \ T 

invention, having come into {Wy-'A —wV'' j IL-rs / 

general use since 1!MX). With ^ f 'j 'ls®// k'' 

it the bit remains at I he bol- ^ ’■ - r !' / 

tom of the hole in contact -./HI { / / 

with the rock, in.steail of ri-- J ^ 

cipro<'ating with the piston at \ '/ 

each stroke, as in the cane of ' ' , 

the reciprocating drill. The ]n?|T 

piston,or hammer,.strikesthe -—i jljr | , / \N 

upper end of the bit, which is JL ^ J' L/' u 

rotated cither by turning the \ ij y9 / 13 

drill by hand or automatically j lA/ !■'' 

by a mechanical device. 4\ ' / r ' 1 

The advantages of the ^ ' t I 

hammer drill over the recij>- '' 

roeaiting drill art that it is .a*s-—_^ 

light, can l)c reitdily handhsl ;-S— 

by one man and reeiuircs no ' „ 

, ,, I'lo. .I(.—Jackhammer drill (Ingcrsoll- 

tripod or other mounting, as Iland). 

shown in I’ig. 37. It is par¬ 
ticularly serviceable in narrow' trenches where it is difficult to handle the 
reciprocating tripod drill. Holes may be drilleil with this maobinr in 
any direction. There is considerable saving in time in clianging bits, 
as with the hammer drill it is simply necessary to lift off the machine, 
take out the drill and replace it with a new one, replacing the machine 
on the new bit; while with the reciprocating drill it is necessary to crank 
back the feed screw, withdraw'ing the bit from the hole, remove the 
bit from the chuck, place the new bit, and finally turn down the feed 


I'io. .'17,—Jackhammer drill (Ingcrsoll- 
itand). 


screw to bring the bit to the required jiosition. 

This drill occupies a sort of middle iilace between the double-hand 
drill and the reciprocating drill, superseding each under many conditions. 
The double-hand drill will still be used when t here is insufficient drilling 




112 


A-MEKICAN SEWERAGE PRACTICE 














113 


KKTHODS Of aoCK BXCAYATION 

to be done to warrant providing an air oompranor for operating power 
drilla, but whwe such a machine is available there appean to be little 
6dd left for the hand drille. Similarly the reciprocating drill has been 
repla^ u^n work too heavy for hand drilling and yet within the 
practical limits of the hammer drill. Where power le available the 
hammer drill nmy bo used advantageously for block-holing to break 
boulders, for trimming small outcroppings of ledge, and for following 
up reciprocating drills where shallow holes are required. 

Several siios of hammer drills are commonly used upon construction 
work, the lightest weighing from 20 to 25 lb., being capable of d rilling 
holes to about 4 ft. in depth largo enough for 7/8-in. powder, and the 
heaviest, weighing from 30 to 50 lb., capable of drilling holes large enough 
for 1-1 /4-in. powder and to about 6 ft. in depth. The valve is so ar¬ 
ranged as to lie opened when pressure is exerted on the handle of the 
drill. When this pressure is released the valve is automatically dosed. 

The piston, or hammer, in the tyi)e shown in Fig. 38, rises and falls 
with the corresponding admission of compressed air to the cylinder, 
imparting to the top or head of the drill a sharp blow each time it falls. 
This type of drill depends upon the admission of exhaust air to the hole 
passing through the bit for blowing the dust and mud out of the drill¬ 
hole. A valve is provided, by means of which the operator can regulate 
the quantity of exhaust air admitted to the hole, so that when drilling 
shallow holes the quantity admitted may bo relatively small, but when 
drilling deep holes a relatively large supply of air can be used. 

The two objections to this type of drill are the vibration imparted 
to the operator and the quantity of dust thrown into the air, which 
may have some ctfect on the health of a person operating one of these 
drills continuously. The former objection is met in part by cushioning, 
thus reducing as much as practicable the vibration imparted to the 
ojwator. The second objection is met in part by providing for the ad¬ 
mission of water to lay the dust. This is particularly useful in tunnel 
work but is net ordinarily attempted in open trench drilling 

The hammer drill has been adapted for some grades of tunnel work by 
mounting it on the upper end (rf a hollow steel cylinder provided at the 
bottom with a point to hold it securely in position, Kg. 39. A feed 
plunger moves backward and forward in the cyUndcr, being actuated by 
compressed mr admitted to the cylinder through the throttle valve. 
When the throttle is slightly opened, air is admitted to the feed cylinder 
thus forcing the drill out until the bit comes in contact with the rook. 
Upon opening the valve further the air is admitted to the operating 
cylinder and the drill set in motion. The pressure of air in the feed 
cjdindra- holds the drill oonstontly in contact with the rock, even when 
drilling overhead. The feed oylindra is about 2 ft. in length. The drill 
18 rotated by moving the rotating handle backward and forward about • 

8 
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(jUttrter of a turn. When the hole has been drilled to the required depth, 
the throttle is closed, thus releasing the air in the feed cylinder and allow¬ 
ing the drill to recede slowly frotn the hole. 

In Table 16 are given the cylinder diameters, weights, eto., of several 
typra of hammer drills, the figures being taken from various bulletins 
of the Ingersoll-Rand Co. The table also gives the amount of free air 
re()iiired to run drills of several typc.s and at different gage pressures. 
These figures have been determined by te.sts made from time to time 
with these drills. 

As with the reciprocating drills, the quantity of air required to operate 
a battery of drills is not proportion.al to the number at all times, as some 
of the drills are running slowly or are shut down, while others are running 
at full spee<l. The quantity of air required to run from 1 to 70 of these 
drills may be obtained by using the multipliers given in Table 10. 


TaH1.K 16 -IlLMUNSIOVS, I’KHKoaMANeK ANI> AlR RkqUIREMENTS Of 
Hammer Dhiees (I.nuermole-Rani)) 


Type 

A 

H 

(; 

1) 

E 

{'yliHflor (luun.. ini’h«‘s 

U 

ii’. & Hi 

lA & Hi 

2 

21 

Slniko, ijiflics 



2J 

11 ; 

2 

‘>v<T nil. 

171 

15 

15 

17.’ ; 

18 

l>*pJh «)f httlt'. iiich(‘M 

0 

48 

48 

72 1 

144 

w.'lghi of (Inll, lb 

21 

•)•) 

at) 

29 or 34 

40 

Size of uir iiilcl, 

i 

i 

i 

.3 

4 

3 

SiZ(* of Mliaiik, iiirhos 

11X2; 

1X3 

1X3 

1X3' 

1X31 

Sturioriiit. VJ-iu nnis 

; 

1.’. 

lA 

H i 

2j 

Laat hit 


I.V 

IA 

H 

H 

Air por mm jmt tlrill. cu ft. 
pH'ss., 00 ]l) 

>■ 

12 

12 

30 

37 

(IftKO pn'ss . 70 111 

21 

15 

15 

35 i 

43 

(tiijto presw., 80 lit. 

25 

19 

19 

39 

49 

(tOKfi pWSH , IM) Ih. 

30 

23 

23 

44 

55 

(lagc press. lOU lb .. .. 

35 

27 

27 

48 i 

62 


Pnctic*! Limitations to the Several Methods of DriUing.—Single 
hand drilling is not used to a great e.xtent in the excavation of ordi¬ 
nary sewer trenehe.s. It is occasionally useful, howex'cr, in cracking 
boulders, and it may po.ssibly be used to a limited extent where the 
ledge lies in strata in a wide trench, and Is of such a nature that it 
can be split off readily by methods ordinarily used in quarrying. This 
method of drilling may in some cases be extended to holes from 3 to 
5 ft. in depth, but such eases are exceptional. 

Double hand drilling is commonly used w'here the holes are not to 
be deep, say from 1 to 3 ft., or where the total quantity of ledge to be 
excavatcii is relatively small, thus making it inadvisable to provide a 
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power drilling plant. This method is also used in connection with 
the reciprocating drill for drilling the odds and ends oi ledge wh«re 
too much time would be consumed in moving the drill. It is generally 
not wise to attempt drilling holes more than 4 or 5 ft. in depth by 
this method, although if necessary they may be drilled to a depth of 
10 to IS ft. by the use of heavy hammers. 

The hammer drill has changed materially the limit to which double 
hand drilling can ordinarily be carried with economy. This drill is not 
in itself particularly expensive and does not nsiuim an expensive jtower 
plant. Consc(iu<‘ntly, it is tn'ing used extensively for the drilling of 
shallow holes which formerly were drilled by the double hand method, 
formerly it was usually wise to change from double hand drilling to 
steam or air drilling where the holes bc'came from 2-1 /2 to 4 ft. deep and 
the ipiantity of ledge to be excavated was largi' enough to warrant the use 
of such machinery. With the |H>asibility of using the hammer drill, the 
oliliT tyjH- of stcatii drill dcKfl not come into use except upon deep holes or 
holes in verj' hard hdge. 

The length of holes whi<h may be drilled with tlie hammer drill 
de[)ends upon the ch.irac.ter of the rock. I'pon very hard rocks, occa¬ 
sionally a progress of not more than I ft. an hour, on the average, can 
l>e made, but in ordinary na ks a progress of from d to ft ft. |(er hour 
may be exiwctid. 

I’lKin sewer excavation in Hopwlale, Mass., where the quarUito en- 
(lounterol is extremely hard, the rates of jirogrcss with hammer and 
tripod drills are gi en in Table 17, which contains a record of several 
weeks continuous use of drills. 


Taiilx 17.—Ratkk of 1’rookkss per Day of 9 Hours of Steam ank 
Hammer Drilis Wohxi.xo ix Verv Harb tiOAUTxiTE at Hopebale, 
Mass., 19Kt 


Tviw ..f.lnil 

\vit ri»t4' 

Mtts nttf t 

Mifi ral4t 

Hami)M>r drilt 

1.5 2 ft. 

, iSff. 

13 ft. 

liainmer dnit 

1(1 2 ft. 

19 ft. 

14 ft. 

Tripofi drill 

15 7 ft. 

24 ft. : 

12 ft. 

Tripcid drill 

l.i.4ft, 

19 ft. i 

10 ft. 

Tripod drill 

19 3 ft. 

! 24 ft. 

15 ft. 

Tripod drill. 

17.2 ft. 

' 20 ft. 

14 ft. 


It will lie seen that the minimum rate for the tripod drill was as low as 
10 ft. and for the liammcr drill 13 ft. per day of 9 hours, wliile the maxi¬ 
mum rates were 24 and 19 ft. rcsjiectively. The average rates obtained 
by the use of hammer drills were practically the same as those of the 
tripod drills. It should be taken into consideration, however, that the 
tripod drills were put upon the hard steady drilling while the hammer 
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drilU were used for the shftUower and difficult holes. This arrange¬ 
ment doubtless tended to equalize the output of the two types of 
machine; each proving economical upon its class of work. 

DIUXL BITS 

The drill bits used with the reciprocating drill are made of round or 
hexagonal steel with points of many shapes. The drill bits in a set vary 
in length progressively ordinarily by intervals of 24 in., although these 
intervals are dependent upon the length of the feed screw and may vary 
according to the drill selected. The bits used with the hammer drill are 
made of hollow steel, the so-called six-point rose bit being commonly 
used upon construction work. The drill bits required for the hammer 
drill vary in length progressively by intervals of 12 in. 

An instructive article by T. H. Proske, printed in Mining and Scien’- 
tificPrens, March 5, IhlO, gives many practical points of value regarding 
the shape and shar})ening of drill bits, for both reciprocating and 
hammer drills. The following quotation is from this article: 

*‘Tlio success of almost every drilling operation depends on the selection 
and treatment of the bits. Too much attention cannot bo given this impor¬ 
tant part of the work. If the bits have been properly formed, sharpeneil and 
tempered fur the work, and if they are changed just as soon as their edges 
and gages are worn, the result will be found to be most economical. 

“For the guidance of those unfamiliar with the forms of drill bits used 
in the different sections, 1 have prepared a few drawings of th(»e in use. 
A, Fig. 40, represents the square cross-bit adopted as the standard for 
American mining practice. It is made from either round, octagon or cruci- 
fumi steel. The reason for the adoption of this form of bit as a standard 
will l)c appreciated when the three requirements of a rock-drill bit are re¬ 
called. These are ‘to chisel out a hole in the rock,’ ‘to keep this hole round 
and free from rifles,’ and ‘to mud freely.’ There is really a fourth require¬ 
ment, which is ‘to do os much drilling as possible before being re-sharpened.’ 

“The different kinds of rock to be drilled affect the wear of the bit. 
Very hard rock will blunt the chisel and reaming edges. The softer rocks 
do not blunt these edges, but wear the outer sides so that it Icwes its gage 
and atae, atill appearing to be quite sharp. For this reason a bit that is 
made with a square edge and a clearance angle of 8 d^. will drill about 
four times aa long in soft rock as a bit with round edges and a clearance 
angle of 16 deg., before being reduced to the aiae of the next bit that is to 
follow. Referring to A and B, Fig. 40, the latter being a round-edge bit 
with a clearance angle of 15 deg., it will be seen that in A the corners of the 
bit at tb«» base of the bevel describe a circle that is equal to the circle 
that the chisel edges describe. This is as it should be, as it is impoosible 
for the chisel edge to cut out all of the rock. The reaming edge, which is 
that part of the bit extending from the chisel edge to the base ctf the bevel, 
marked a in both A and B, must ream the outer edge of the hole and keep it 
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Fio. 40 .—Different types of drill bits (Proske). 
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round and Im- from riflcB. In B it will be noted that the circle describi 
by the comers of the bit at the base of the bevel is much smaller than tl 
circle ilescribcd by the chisel cdsca. This causes an excess of wear on tl 
corners of the chisel edRes, the bit rapidly loses its gage, as well as i 
efficiency, and it is almost impossible to kwp the hole round. Rifles forn 
and these cause the rotating parts of the drilling machine to break ofte 
resulting m the loss of the hole. 

The angle of the bevel of the face of the bit has to do with its life as we 
as with the property of ‘mmlding’ friady. It is generally accepted that ; 
this angle be JO deg. it gives strength and permits the bit to ‘mud ’ or throi 
back the cuttmgs from the face of the bit when the drill is pointed downward 
Another mason why bit.s such as is shown in A are preferable to thos 
Illustrated by I. ,s that having a long wing they are St onger and wil Z 
break so readily as does a short bit. 

‘■The Simmons tut is shown in I'lg. C. In it two of the wiiig,s are devote, 
entirely to reaming ami k.s-ping th,- hole round and free from rifles. 

I he Brunton bit is shown in I). The object of this bit is to ohtair 
lit “ T 'r, ''"■■■*"™'l'‘nt‘ii'ncultiesof re-sh«rpen. 

half turn bidore the cutting edges will strike in the same place a second time 
" ,r.,r tlu- «.g,ilar s,,uare ,.ro.ss bit 

the 1,1 ^ "'"''V’' “'"’'V 1'"'''™' This 

.-.n.ened 

I' shows what is com.. termed the high-center bit. 'This was for 

bit'i's '’""'' r ' r' '"I’'’'' "'‘■••’•'“'•'i"* "f I’aninier 

a h i, 1. r'"" 

whemas ''‘'t «» impression on the rock 

whereas the s,,uar,-fa.'e,l bit requir,-» a flat face for ready starting For 

a starting bit in hariiiiier maebin.-s it has no equal. IRre, however its 

it 18 liabl, to f„ low ahps a, 1,1 seams in the rock, ea.ismg crookcl holes which 
are sonietmies ,st bcf.ire being finish.sl. This the s.^are bit will It d.i 
I 8h.>W8 a lot where the corners are in advan,-e of the .wnter This is 
f^t lot. 1 he corners break up the rock in advance of the center 

and leave It, le for the ..enter to do; this cau.ses the cor,„.r8 to wu'ar7lt 

t“||" 1| llTu ■' *'->■ »f tlm work! 

ime .trill will not follow slips ami seams, will drill a round hole and is eaav 

n t le drilling machine. The weak point of this form is that the leverage 

hVrd,*”" of f tl 

“H shows the round-edge bit, which is a favorite with some. In soft 

this 18 good, but m hanl lawk it permits rifles to form in the hole because 
there are no reaming edges. oecause 

‘‘The r-bit shown it, I gives the advantage of plenty of room for the 

r;^d She'T'-"' 

for^ ^ ^ Power-sharpener it can be made as easUy as any other 



METHODS OF HOCK EXCAVATION 


119 


'*J shows the ‘six-wing rosette’ bit. It is used in hammer drills only. 
Of sli the HM«tte forms of bits this has l>een found be the most satisfactory. 

“K shows the square cross bits when made up for hammer drills where a 
hole for the introduction of air or water to remove the cuttings apexes at a 
point back from the bevel of the bit in one of the rcceaaos between the wings. 

“Lshows the same form where the hole ends in the center t)f the cross of the 
cutting edges. This form of hit is extensively uschI. Its faults are that a 
core is forme<l by this hole; this core fills the hole, and rauses a stoppage of 
air and water. Thejj(‘ cores have been known to l>ceome as much as 8 in. 
long and arc quite difficult to remove. To clear them away the core must 
be burneii out by heating the steel the full length of the cort; in a slow fire; 
Wiinetirnes a slow and tedious process. This difficulty is entirely overcome 
!)>' the use of the bit shown in K. 

“The Z-l)it, M, is extensively 
usimI in (icrmany. In hammer drill¬ 
ing machines, the ate<*I is formed 
in bars having a Z shape Wliile 
I show this bar straight, it is usu¬ 
ally twisted to f«)rm a spiral. It 
is an easy matter to fc»rm n Z- 
bit on (he eml of such a bar. The 
results obtained are excellent. 

Holes to a depth of Hi ft. hori 
xcmtal have bes'n (irilhal with this 
b»nn of sfc(*I. The spiral draws 
<*u( (he cuttings much the same as 
an auger. 

“After a bit been forgial, it 
should be properly ti’iiipereil as in Kio. 41 —Hit tempering tank 
N. O shows the result of the 

common method of tempering. 'I'he center of tlie bit is soft, while the cor¬ 
ners are hard. When the bit is immerwal in the water about an inch, the 
large nuow of metal in the center cools more slowly than the comers since 
the comers have tlirw' sides expose*! t(i the water. Perhaps the center 
has not cliilled at all when the bit is withdrawn for annealing, and the final 
result is a soft-center bit, which will ffalteri and r<*lard the work of drillmg. 
P and Q show the nwult of trying to temper the bit with the forging heat, 
by plunging the whole bit into the water us soon as it is sharpened. TTie 
line of tension induced by cinding is indicated. At this place the drill 
w'lil hre.ak. H shows the checking caused by first chilling the steel back of 
the bit and (hen plunging with the forging heat. 

“Por the purpose of tempering a bit as shown in N a tank should be pro¬ 
vided. such as shown in section in Pig. 41, This should be about 12 in. 
deep by 12 in. wide, and of sufficient length to accomm<Klate whatever num¬ 
ber of drills are to l)e sharpened in a day with the machine. Tlie water inlei 
should be at the Imttom, and the outlet should l>e placed about 3/4 in. above a 
gmle, which it.self should l>e alM»ut 8 in. almve the bottom. This permit# 
the bit to lie immersed to a depth of about 3/4 in. With a tempering t an k erf 
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tliM conalructioii the bit can be hardened to any desired degree. Thi* 
depends on the temperature of the bit when placed on the grate. It is 
essential that the drill stand in a vertical position. To lean either way 
would cause it to harden to a greater depth on one side than on the other, 
causing a tension that might lead to breaking of the wings. It is best to 
provide a rail around the tank about the distance required to hold the short¬ 
est drill, and to drive pins about 3 in. apart in this rail. By placing the drills 
between these pegs they can be kept in a vertical position. When using this 
tank a small flow sufficient to displace the water heated by the cooling of 
the bits should be turned on to kcej) the supply always cool." 



I'll!. '12.—Leyner drill sharpener (Ingcreoll-Hand). 


Drill Sharpeners.—The recent advances made in the manufaeture 
of rock drills arc no more important than those made in the art of 
sharpening drills. IVrhajis the greatest advance in this direction is 
the invention of drill-shariH-ning machines, in which the bits are formed 
in ex^t acconlance with pro-determined designs. All bits made in 
machines are uniform in shape and size. The use of sharpeners has 
resulted in a great reduotion in cost of sharpening. In an annual 
report, Matthew (iault, Supi-rintendcnt of the Sewer Department of 
Worcester, Mass., states that the cost of drill sharpening has been re¬ 
duced two-thirds by t he use of a Ix>y ner drill sharpener. I n spite of these 
advantages, however, it is important not to lose sight of the great impor- 
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tauoe of proper temperioj;, which is probably the most essential part of 
the blacksmith's work, especially where rock of a great range of hard¬ 
ness, requiring differently tempered bits, is oncounterd, as in some 
New Enidand cities. 

The Leyner drill sharpener is typical of such machines. Hie bit 
is formed entirely within a split conical die. Fig. 42, by a properly 
shaped dolly. The machine, is shown with a bit clamped in 
the sharpener just after the bit has lieen formed and the dolly withdrawn. 
This sharpener is operated entirely by comprcssetl air. 

The top of the sharpener consists of a heavy clamp, which holds the 
die and bit, and a hammer, which is built like a small rock drill and has 
the dolly held horizontally, as shown in the illustration. The clamping 
jrortion of the device consists of a support, A; n clamping head, B; and a 
yoke, C. Inside of A and B there is a large differential piston, the head 
within B being much the larger and receiving the air pressure on its 
upper surface. Two stwl rods rise from this piston through the clamping 
bead and yoke C, to which they are attached. If the handle D is 
turned in one direction, the air pnissure is admitted to the top of the 
large end of the jiiston, holding the die and st<H!l firmly, as shown; if the 
handle is turned the other way the air pressure is admittod below the 
snuill end of the piston and the yoke is raised. 

The hammer cylinder, whi<di resembles the ordinary rook drill cylinder, 
contains a freely moving hammer the front end of which travels in two 
steel bushings and strikes on the shank end of the dolly, resting in a 
forged steel guide flange. The hammer cylinder travels in a guide 
shell and may l>e fed backward and forward by nutans of a screw, thus 
enabling the operator to change dollies quickly. To do this the clamp 
liolts arc loosened, the cylinder cranked buck, the <lolly changed and the 
cylinder returned to the proper jmsition and reclninirod. The sharpener 
may lut used to form and sharpen pins, drill steel shanks, bolt and rivat 
heads and drill hits of any design. 

COMPSESSBD Am 

Useful information relating to compressed air and its use in reciprocat¬ 
ing drills is given in Tables 18 and 19, prepared by the IngersoU-Iiand Co., 
which gives the following explanation of them: 

" I'he tables will determine the amount of free air required to operate rock 
drills at various altitudes with air at given pressures. The tables have been 
compiled from a review of a wide experience and from teats run on drills of 
various sixes. They are intended for fair conditions in ordinary hard rock, 
but owing to varying condHions it is impossible to make any guarantes 
without a full knowledge of existing ennditions. In soft material, where the 
actual time of drilling is short, more drills con be run with a given aiied com- 
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prrusor than when working in liaril material, when the drills would be work¬ 
ing pontinuously for a Itjnger period, thereby increasing the chance of all the 
drills operating at the same time. In tunnel work, where the rock is hard, 
it has bism the o.xperienoc that more rapid progress has been made when the 
drills weni operated under a high air jiressurc, and it has been found profit¬ 
able to jirovide compressor capacity about 25 per cent, in excess of require¬ 
ments. There is also a distinct advantage in having a compressor of larger 
capai'ity, in that it saves the trouble and cxjiensc of moving the compressor 
as the work progresses, and will not interfere with the work of driving the 
tunnel. No allowance has been made in the tables for loss due to leaky 
pijies, or for transrni.ssion loss <luc to friction; but the capacities given are 
merely the displacement required, so that when selecting a compressor for 
th(‘ work reipiired these matters must be taken into account.*' 


Tabi.k IK.—CcBie Tkkt of Fkkk .\iu fer .Minftf, Rf.ucihed to Run 
One Recifikm'atino Dkm.i, of the Kize and at the Pkersure Stated, 

AT Sea IjKvel (Inoeiesoll-Rand) 


(IttRI’ 






iikUt 

Imiiirtcr uf 

Irill 





prcBsuri', 

' “ 




.i 


1 

■d 

31 


41 

5 

51 

111 

' tu 

111 , 

III 

III 

in 

in 

in 1 

in 

in 

m 

in 

in 

in 

00 

50 

fio 

OK 

82 

90 

95 

97 

100 

lOK 

113 

130 

150 

164 

70 

; 50 

(IK 

77 

9;i 

102 

lOK 

110 

nil 

124 

129 

147 

170 

181 

SO 

(>3 

70 

K(i 

104 

114 

120 

i2;i 

127 

i:jl 

i4;i 

104 

190 

207 

90 

70 

.S4 

95 

ii,*; 

12(1 

i.iri 

i;i() 

141 

152 

159 

1K2 

210 

230 

100 

: 77 

92 

101 

120 

i;iH 

140 

149 

154 

]G(i 

174 

199 

240 

252 


Transmission of Compressed Air.—An important part of the instal¬ 
lation of an air drilling outfit is the selection and laying of the com¬ 
pressed air line. It is important to jirovide air mains of sulficient size 
so that the working jireasure will not fall too low. There is not the 
loss in jMiwer, dui' to reduction in ])rcaaure, which at first thought might 
be ('xi)eeted, lus with a reduction in pressure there is an increase in volume. 
The information given in Tables 20 and 21, prepared by the Sullivan 
Machinery (’o., gives the loss due to friction in jiipes 100 ft. in length, 
for different diameters of pipe and volumes of air, the initial or compressor 
pressure being 00 and 100 lb. per square inch, respectively. To ascertain 
the loss in jiressure at the drill, the loss in 100 ft. should be multiplied 
by the length of pii>c in units of 100 ft. 

Air Cooling and Reheating.—In an extensive line of air piping, it 
Is very imjiortant that the air be kept dry, otherwise the freezing of the 
condensation from the air will cause damage to the pipes and drilb. The 
amount of moisture that can be carried in suspension by the air increases 
with rise of teraiierature. The “aftercooler” is an instrument for lower¬ 
ing the temperature of air, thus precipitating the moisture and reducing 
the liability of freezing. It consists of a steel shell containing steel 
tubes through which the air is conducted. Cold water enters the cooler 
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at OIK' end, surroundinK 11ii> idr tidies eompletoly, and leaves the cooler 
at the other end. It is essential that the aftercooler be placed as near 
the ronipressor as possilile. 

It is sonietiines desirable to remove the moisture from the air at the 
end of the jiijie line. For tliis purpose a combined water trap and 
separator is used. It consists of a cast-iron tank with inlet and outlet 
openiiiKS, and a number of baffles against which the air strikes, causing 
a ohiK'king of its velocity which results in the moisture entrained in 
the air becoming collected on the baffles, whence it drips off. There 
is a sto|i cock through wliiili the accumulated water is forced out by air 



Fio. 4.'i -Portable air compressor (Abenaque) 


pressure. The aiijiaratus is similar to the steam separator in design 
and operation. 

When the rompre.sacd air has reached the point where it is to be used, 
it having lost, its heat of compression in transmission or by aftercooling 
devices, a large saving may often be effected by raising its temperature 
again liefore it is used. For this purpose a reheater is employed, which 
should lie plaeed as near the drills as jiossible. As the air passes through 
this reheater it exiiands in volume about 30 to 35 per cent., thus 
increasing its working capacity proportionally. There are many types of 
these rehcaters, ranging from an open fire over which a rude coil of 
pipe is kept hot. to an elaliorate device like a cast-iron house heater, 
except that air circulates through it instead of water or steam. 

Portable Air Compressors.—There are several makes of portable air 
compressora for use in drilling rock in pipe trenches, in highway 
oonstructien, block-holing in stone quarries and other places where the 
rook is too scattercil or too small in quantity to warrant the use of a 
fixed compressor and drill plant. These outfits consist of a compressor 
driven usually by a gasolino engine, the whole mounted on a wagon 
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truck as shown in Fig. 43. If the outfit is to tic hauled only a short 
distance, a sufficient number of men can usually lie taken from the 
trench and the truck hauled by hand, thus sa^ng the cxjicnso of horses. 
Table 22 gives the general dimensions of the outfits of this class made 
by the Sullivan Machinery Co. 


Tabus 22. —Gk.vekab Dime.nsions orSuu.ivAN Portable CoMenEssuRS 



If) h p. 

t 20 h. p. 

Displaocment capacity, cu. ft. jx'r 



mill. . 

Ofi 

112 

Terminal air pnwuro. ll> 

IM) 

100 

Diameter of Riwtilim* engine cylm-: 



der, ill. ! 

7i 

71 

lStr(»k<> of Kaaoline eiiKiiic cylinder. | 



in. 1 

ft 

I'll 

Diameter of eoiiipresHor (*ylintlt*r, i 



in. 

s 

H 

»Strf»ke of cfniipresHor cylimier, ni 

III 

10 

Main air r<‘e<*iver, in <liu. 

Ifi, length 00 

ilia. 10, length 00 

Capacity of KaMoline tank, k^I 

20 

20 

.Vuxdiary startiiiK receiver, in dm. 

12, length .'tO 


Knmt tnick wheeln, in dm. 

20, face 5 

dia. 20, face 5 

Rear truck wImvIk, in dia. 

44, face 5 

dia. 44, fare <5 

Track KU^e 

4 ft. X ill. 

4 ft. X in. 

.\xle»*, center to center 

H ft. 0 in. 

H ft. 0 in. 

IxMij^tli over ail, uitli poh' 

22 ft. 0 in. 

22 ft, 0 in. 

overall, without pole 

11 ft. 0 ill. 

12 ft. 0 in. 

Width over all . 

« ft. 1) in. 

0 ft . 0 in. 

Height over all 

ti ft. 4 in. 

fl ft. 11 in. 

Total net weight, inclu(iing |)ole 



and toolH . 

fiUK) III. 

7;«X) lb. 


H a n dli n g Rock.—Where marhincr)’ is installed for trench excavation, 
the rock can lie handled in much the same way as carl !i, except that 
large masses may lie rcinovtsl liy ehuins without the use of buckets. 
Where rock is handled in this way great care must lie taken to insure 
the safety of the laborers below, and to prevent knocking out any of 
the trench bracing. 

Where machinery is not installed the rock in shallow trenches may be 
thrown out by hand. This necessitates breaking it up into compara¬ 
tively small pieces, cither by secondary blasting or by the use of heavy 
sledges. For dee|>cr trenches, a hand tri]>od derrick will be found use¬ 
ful, while, where considerable quantities of rook arc to be handled 
from a comparatively deep trench, a i>ortable stiff-legged derrick 
mounted on wheels and operated by steam hoist will generally be found 
to be economical. 
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Whenever roc'k m used in buekfilling it should be mixed with earth 

should always be excavated sufficiently below the sewer 6 in mnr» 
em, to i«!rmit the introduction of a layer of sand or gravel to prevent 
localization of stress and resulting injury to the structure unLs the 

dwtnbuilon of the local streHses. ^ * 



CHAPTER VI 


EXPLOSIVES Airo BLASTING 

Most rock excavation connected with sewer construction must he 
done in trench or in tunnel. In l>oth eases the rook is firmly bound in 
place by the surrounding ledge, making it neccssarj'to blast it out by the 
use of relatively greater quantities of explosives than are required for 
loosening corrcsimnding quantities of rock in a quarry or on the surface 
of the ground. It is only rarely that rock can or need l>e quarried with 
the intent of producing stone suitable for building purposes, indeed it is 
generally desirable to shatter the stone as much as practicable to render 
its excavation easy and also to leave it suitable for refilling the trench. 

Trenches for sewers are often so located that extreme cure must 1)0 
taken to prevent the injury of water piiies, conduits, and neighboring 
buildings and other subsurface and surface structures. This necessitates 
the u.se of small quantiti(-8 of explosives, the firing of relatively few holes 
at one time, the use of shallow hohs and most careful and effective cover¬ 
ing of the blast to jwevent the escaiie of flying fragments of atone. 

The conditions surrounding the excavation of rook in sewer trenches 
and tunnels arc such that it is important to give particular attention to 
the selection of materials and methods to be used in drilling and blasting, 
a matter of much importance in all rock excavation. 

Dynamite is the explosive now most commonly used on sewer excava¬ 
tion, although gunpowder, or black powder, and contractor’s irowder are 
sometimes used, especially for brcjiking down frozen earth, for quarrying 
stone which may Im readily spilt out and for cracking boulders and large 
pieces of lodge rock. The disruptive and shattering effects of an exjilo- 
sion are due to the instantaneous generation in a restricted chamber of 
large volumes of gases at high temperatures. Explosives are either 
soUd, like gunjmwder, or liquid like nitroglycerin, in either of which forms 
they occu])y relatively little space. The gases generated from their 
combustion, however, tend to occupy a very large space and when 
generated in restricted space, as in blasting, the compression of these 
gases is so great as to cause the disruption and shattering of the rock 
surrounding the enclosing chamber. The power of the explomve 
depends upon the rapidity of the generation of gas, the volume of gas 
generated from a given volume of exidosives, and the temperature of 
the gas thus formed, fur the volume occupied by the gas is directly 
proportional to its temperature. 
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The Kftftes are generated by chemical action of one of two kinds^ 
a (combination of two or more substances, as saltpeter (potassium nitrate), 
sulphur and charcoal, C/omi)rising guniwwder, or dissociation of one 
or more relativcdy unstable chemical compounds, as nitroglycerin into 
gases. Many explosives anc comjmsed of substances of both kinds, 
HO that both combination through combustion and dissociation take 
])lnc(c during the exploHion. These two processes arc described by 
Ui(5hard P. Dana and W. b. Saunders in “Hock Drilling” as follows: 

“The operation of Ijlastmg is con(lu<’l(;(l tlirough the explosive force of 
gtis(‘s g(Mn‘ratcd citlnT by cxplosjons nr by detonation. ... An explosion 
is (Ijo result of iMinihuslion instituted and propagated at higli temperature. 
(iunpowdiT, which is an (‘xpl(»sive mixture, is cotnpoHed of aaltpetcr, charcoal 
and sulphur, bpon being raised to fli(! temperature of combustion, or explo¬ 
Hion, these material.s eombini* ehernieiilly and in so doing produce a gas. . . . 
It should Ik* nolu*i*d that the chemical comhination must take place 
progn*ssivelv from grain to grain, as it \v(>r(*, ami is not likely to be caused by 
a jar orslna-k, unh*ss such shock sliould )>e sutliciently violent to generate a 
spark in tin* mass. Tlie exploHivt»a are comparatively bulky . . . con¬ 
sidering the amount of gas tlnit they can liberate and. therefore, they reejuire 
a large lioh* m the rock in order to iutrodm’C a sufficient amount of explosives 
to break it. 

“.\ di'toiiation may lie de.scnbed as a disruption caused by synchronous 
vibration «»f a \vav(*-!ike cliaracler. Init tin* causes of detonation have not ns 
yet been satisfactorily d<*lernimcd. Then* arc a great many detonating 
compounds, including nitric derivatives such as gun cotton, nitroglycerin 
and dynamiU', and nitrosubstitution compounds such as joveite, maHurite, 
!yddiU\ s(*curite, and a host of others. 'I'licse compounds are definite chem- 
ica! substances, as distinct fnun mixtun*s of si'veral different subHtances, 
which are in such condition tliat a wave-hke shock will cau.se their docom- 
(Miaition into gas. 'Phe speed of the wave that can produce this combus¬ 
tion is 80 great as to make the det4»nation of large amounts of these sub- 
stanecH praclicallv simultaneous, tlierel)y causing a very much more sudden 
and quick shock than in the case of tlie explosive proper.” 

Gunpowder, or Black Powder.- ~<funpow(lor Is a mixture of various 
9ub»tanc<w, such as saltjK*ter (potoHsium nitrate) sulphur and charcoal. 
A standard comjioBition is 75 parts saHpotcr, 10 parts sulphur and 15 
jiarts charcoal. In “Karth and Ro<‘k Excavation,” Charles Prelini 
stifctes that when ignited tlm burning gunjwwdcr develops gases amount¬ 
ing to 280 times its former volume and that they exert a pressure of 
4.68 tons i>cr square inch at atmospheric pressure and a temperature of 
32* F. The WjMjriinents of Nobel and Able show that the temperature 
of the gases at the instant of the explosion is about 4000® F., from which 
Prelini calculates that the pressure actually exerted by the gases may be 
taken at 37.9 tons j>er square inch, which he does not eonsider cxng- 
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gerated, as experiments have indieated a pressure as high as 42 tons to 
the square inch. 

Black powder is used where a coniimratively slow, heaving or splitting 
action is required, or where the material is brittle or easily fractured. 
By carefully selecting the size of grain, a wide range in explosive effect 
may be obtained. The large sizes burn slowly, exert a slow pushing force 
and tend to split, while the fine sizes burn more quickly, exert a 
shattering force and tend to break up the material into finer pieces. 

The black powders are very sensitive to nioLsture and, therefore, 
should be used only in waterproof packages or where the hohw arc 
comparatively dry. Black powder for blasting purisrscs is curried in 
the market in air-tight steel casks containing 2.5 lb. ciwli. 

Contractors’ and Judson Powders.—Coni ractors’ powder and 
Judson powder are granular black powders made honeycombed and 
contain a small lorccntagc of nitroglycerin. They are similar to black 
powder excejrt lacking in glaze and arc used for blasting gravel, hard- 
pan, frozen earth, seamy rock and other materials t(M) soft or yielding 
to lie blasted with dynamite. They arc fired by means of caps or 
exi)losives. 

These powders are somewhat sensitive to moisture and should not 
be used where ventilation is poor, as in very deep trenches or in tunnels, 
on account of the gases liberated by the ex|)losion. 

Contractors’ powder is ]>ackcd in paper bags, heavily coated with 
paraffine and will run freely into the holes. Some grades of Judson 
powder are put up in cartridges. 

Dynamite.—The active and determining ingredient of dynamite is 
nitroglycerin, a clear, yellow, oily liquid without (xlor but having a 
sweetish taste which has a siMicific gravity of TSifi) while that of gun¬ 
powder is about 1.0. Nitroglycerin burns quietly when ignited in the 
o|)cn air, explodes at a tenifsjrature of .IHS” F., and freezes at 41° F. 
When inhaled or absorbed through the i>ores of the body, it produces 
headache and sickness. Nitroglycerin is a very unstable compound, 
exploding very easily when subjected to detonation or percussion. 
The handling of nitroglycerin is therefore subject to grave danger, and 
for this reason it is not commonly us*-d in blasting operations. 

Nitroglycerin, being a liquid, is readily absorbed by various sub¬ 
stances, such as sawdust, wood pulp, wood meal and kiesolguhr, an 
earthy silicious limestone composed of small fossil shells, each of which 
act as a minute receptacle for the nitroglycerin. The mixture of nitro¬ 
glycerin and such a substance is called dynamite. The dynamites may 
be divided into two classes, depending upon the character of the absorb¬ 
ent substance, called “dopes” in the trade, these classes being called 
"true” and “false” dynamites. The true dynamite is a mechanical 
mixture of nitroglycerin and inert absorbent, such as kieselguhr. The 
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false d)Tmmites are composed of nitroglycerin and absorbent mixtures 
which themselves enter into the chemical reaction causing the explosion 
and add to the strength and power which would be furnished by the 
nitroglycerin alone. As the nitroglycerin is merely absorbed, not under¬ 
going chemical changes, dynamite burns, freezes and explodes much 
the same as liquid nitroglvoerin. It is, however, less sensitive to per¬ 
cussion and can be handled and transported without excessive danger. 

The conqjositious of some of the dynamites, more commonly called 
“powders,” in common use, are given in tin; following list, abstracted 
from (lillette's “lloek Excavation.” 


Atlas Pow dkk (75 CKB Cknt.) 


NitroRlyceriii 

75 parts 

Wood fihor 

21 parts 

Sodiiifn nitmti- 

2 parts 

MftgneHiunt nirboiuitc 

2 parts 

Ukndiok'k (40 Cknt.) 


Nitroglycpnn 

40 parts 

PotaHHiurii iiilnitc 

40 parts 

Wood pulp 

13 parts 


7 jiarts 

(ilA.NT roWDBB No. 2 (40 PKH CeNT.) 


Nitroglycorin 

40 parts 

Sotlium nitrate 

. 40 parts 

Sulphur , 

C parts 

KeHin 

6 parts 

KieHelguhr . 

8 parts 

StoNITK (OS PER ('knt.) 


Nitroglycerin 

08 parts 

Kieselgiihr 

20 parts 

WtMkl meal 

4 parts 

l^)tA88iuln nitrate ... 

8 parts 

Duaun (40 PER Cent.) 


Nitroglvoerin . 


SHwdiwt . 

.30 parts 

PutAHMiuin nitrate . 

30 parts 

Cakbonite (25 PER Cent.) 


NitpftHlvcerin . 

25 parts 

Wood meal 

40| parts 

Stxlmm nitrate . 


Sodium carbonate. 

■ Ipart 
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Hebouu» (40 na Cent.) 


Nitroglyoerin. an 

Potassium nitrate.... 


Potassium chlorate... 

Magnesium carbonate. 

Sugar . 

. 3) parts 

.10 parts 



ViooRiTE (30 PER Cent.) 


Nitroglycerin .... 

Potassium chlorate 

.80 parts 

49 parts 
.7 parts 

- 9 parts 

.5 parts 

Potassium nitrate 

Wood pulp. 

Magnesium carbonate. 


Horsley Powder (72 per C^ent.) 

Nitroglycerin , . 

Potassium chlorate . 

Nutgalls. 

Charcoal . 


.72 parts 
. 6 parts 
. 1 part 
21 parts 


Gelignite (62) per Cent.) 

Blasting gelatin (containing 96 per cent, of nitro¬ 
glycerin and 4 per cent, of collodion cotton).65 parts 

Absorbent (containing 75 per cent, sodium nitrate, 

1 per cent, sodium carbonate and 24 per cent, 
wood pulp) . 35 parts 

Forcite (49 per Cent.) 

Blasting gelatin (containing 98 per cent, nitroglycerin 

and 2 per cent, collodion cotton).50 parts 

Absorlient (containing 76 per cent, sodium nitrate, 

3 per cent, sulphur, 20 per cent, wood tar and 1 per 
cent, wood pulp).50 


JuDBON Giant Powder No. 2 (40 per Cent.) 

Nitroglycerin .40 

Sodium nitrate.40 

Resin.8 

Sulphur. 6 

Kieselguhr g 


parts 


parts 

parts 

parts 

parts 

parts 


Vulcanite (30 per Cent.) 

Nitroglycerin. , 30 parts 

Sodium nitrate ., 52) parts 

Sulphur. 7 parts 

.lOJ parts 
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The designation of the strength of explosives by a percentage figure is 
now (1914) somewhat ridiuulous. In the original Nobel dynamite the 
dope was kieselguhr, to whioh various amounts of nitroglycerin were 
added. These amounts were rworded as percentages of the total weight 
of the explosives, and with dynamite of that nature this method of 
naming them was a good one. Even when Nobel later used nitrate 
of soda and wood pulp as dopes, he continued to rate the dynamite 
by its nitroglyoerin content alone, although the substances mentioned 
may contrilmte to the force of the explosion. It was definitely ascer- 
tmned at a later period that explosives like cellulose nitrates could 
form carmpositions with nitroglycerin having an explosive effect greater 
than that corresponding to the original dynamite prepared with the 
same pcrcentagi^ of nitroglycerin. These compounds are not rated 
by the amount of nitroglycerin in them but by the amount of nitro- 
glycairinin a true dynamite of the same explosive properties. Equally 
great confusion exists in the trade names by which black blasting 
powder and blasting caps are known. 

Ammonia Powder.—Ammonia imwder is a form of dynamite in which 
a portion of the nitroglycerin is replaced by nitrate of ammonia. As 
the ammonia powder is somewhat slower and lcs.s violent in its action 
than the regular <lynamite it is useful where a slow and lifting effect 
is desired rather than a shattering action. 

Gelatin Dynamite.—tielatin dynamite is similar to the ordinary 
form cxcejit that a certain )K)rtion of the nitroglycerin is replaced by a 
imrtion of gun cotton. This explosive is denser than ordinary dynamite 
and therefore by its use it is jiossiblc to concentrate more explosive in a 
hole of given sixe. It has the added advantage that lesssmokc is pro¬ 
duced, thus making its use more desirable in tunnels. The gelatin 
brands are more difficult to explode and require much more powerful 
caps, double strength fuxes Iwing used, to develop the full force of its 
ex|)lusion. 

Cartridges.—Dynamite is jilaced on the market in the form of cylin¬ 
drical cartridges or sticks, wrapixsl in paiier and coated with paraffine 
to protect the dynamite from the action of water and the absorption of 
moisture, as well as to [ircvent so far ns jHissiblc the escape of nitroglyc¬ 
erin. The cartridges arc packeel in wooden boxes containing about 50 
lb, each. The cases should always be kept right side up that the car¬ 
tridges may lie flat and thus prevent the concentration of the nitro¬ 
glycerin at one end of the cartridge and its escape through the paper 
wrapper. 

When orddling dynamite, the purchaser should specify the size which 
will beet fill the drill hole. The sixes of cartridges of high explosives 
manufaetured by the E. 1. du Pont de Nemours Powder Co. are given 
in Table 23. 
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Table 23.—Sues or Dtnamite Cartridoes (bo Pont) 


NiU’oglyoeria 
dyoamite. 
extra dyaamita 

JudaoD powdor* 
Qelatin dynamite 

Permisaibla 

axploaives* 

Blaatlng galatia 

{ in. by 8 in. 

1 in. by 8 in. 

IJ in. by 8 in. 

1) in. by 8 in. 
li in. by 8 in. 

If in. by 8 in. 

2 in by 8 in. 

1 in. by 8 in. 
11 in. by 8 in. 
l)in. by Sin. 
11 in. by Sin. 

2 in. f>y 8 in. 

2 in, by 18 in. 

11 in. by 8 in. 

, IJ in. by 8 in. 

1 j in. by 8 in. 

2 in. by 8 in. 

11 in. by 8 in. 

11 in. by 8 in. 

1} in. by 8 in. 

2 in. by 8 in. 


1 JudaoD Powth'r R R.P in (i'l tb, ftOtd 12*) IK hags insloail of oartridges. 
KMonobcl also lo 1 by S in and 1 1/8 by 8 in. cartridges. 


Dyiiiiniite at onlinar)' tPTnpcraturcR is a soft yellowish material, 
easily molded in the hands and substantially free from odor. The 
alworbent is more or less eompletely saturated with nitronlycerin, whioh 
readily escapes onto t he hands and, bcinn more or less volatile, may be 
inhaled. It is, therefore, advisable to handle dynamite carefully and 
not run unnecessary chances of takinft the nitroKlyccrin into the body, 
either by inhalinK it or alworbing it through the ])ores of the skin. 

Rapidity of Action.—There is a great difference in the rapidity of 
action of the several available explosives-, coarse gunpowder being slow 
and nitroglycerin being one of the quickest of the exjilosives. The finer 
the grains of gunimwder, the quicker will be the action, while the 
dynamites increa.se in rapidity, in a general way, with the increase in 
the proportion of nitioglyeerin contained in them. 

.\s the effect of an ex])losion depends upon the expansive force of the 
gases generated, it is apparent that the gases must be closely confined 
in order to iiroduce the most effective results. If the rock is compact 
and relatively free from seams and the holes are thoroughly and tightly 
tamped, the gases will be well confined and their iwwer will be expended 
in effective work. If, on the other hand, the rock is full of seams, thus 
permitting the escape of more or less of the gases, the effective work 
liroduced by the explosives W'iU lie reduced. To overcome this difficulty, 
it is desirable to select a quick-acting dynamite that the gases may be 
produced so quickly that they will become effective before sufficient 
time has clajised for their escape into the seams in the rocks. It natur¬ 
ally follows from thtsie considerations that for a seamy rock, a quick- 
acting dynamite should be used and tliat for a compact, cloee-grained 
rock relatively free from seams, a slower acting dynamite or even a 
powder may produce satisfactory results. Dana and Saunders have 
given an illustration of the practical utiliiation of the rapidity of action 
of different dynamites as follows: 

“ Wliere the rock bottom does not break properly near the bottom of the 
holes a higher explosive or detonant can be placed at the bottom of the hole 
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than Bt the top, «nd by plncing the firing primer at or near the top of the 
hole the preeaure of the gaees can be made much greater at the bottom than 
claewhere, thua producing a greater rupture. . . . When the high explo- 
aive ia placed at the bottom of the hole, if the primer also be placed at the 
bottom, the explosion is likely to be so quick aa to blow some of the charge 
out of the hole before the explosive at the top has an opportunity to do its 
work; if, however, one grade of dynamite be used throughout the depth of 
the hole, the detonation of the whole mass ia likely to be so nearly aimul- 
taneous as not to affect the result.” 

Selection end Economical Use of Explosives.—By far the most com¬ 
mon waste of explosive occurs in the use of one not suited to the work it 
is called upon to perform. It is an altogether too common practice for 
powder men to use one type of explosive for practically all kinds of 
work, and especially for all rock work, regardless of the physical condi¬ 
tions of the rock. In blasting in a quarry or in deep rock trenches, 
instead of changing to a higher grade of explosive after passing through 
the softer and weathered rook the powder man will generally use the 
same grade of explosive but in larger quantities, with the result that a 
large percentage of the energy is wasted. If, on the other hand, a high 
power, rapid acting cxplosi'-c is used for earth and soft rocks, loss 
occurs not only due to the greater expense of the higher grade of explo¬ 
sive, but to the decreased efficiency due to the hiek of propelling force. 

Dr. Walter 0. Snelling, in a pairer before the Engineers’ Society of 
Western Pennsylvania in 1912, presented a practical classification of the 
various explosives used in construction work in the order of their 
percussive and propellent forces, based U|K)n results of testa made on 
lead blocks. This list, reprinted below, is so arranged that each ex¬ 
plosive in the list has a higher percussive force than the explosive next 
below and a higher propellent force than the one above it. 

Nitroglycerin. 

Blasting gelatin. 

6S per cent, gelatin dynamite. 

80 per cent, dynamite, active dope. 

SO per cent, dynamite, active dope. 

40 per cent, dynamite, active dope. 

30 per cent, dynamite, active dope. 

40 per cent, ammonia dynamite. 

40 per cent, gelatin dynamite. 

Granular nitroglycerin powder. 

Black powder (fine grained). 

Black powder (coarse grained). 

If a certain grade of explosive is being used and it is found that it 
does not shatter to the extent desired, then by referring to this table 
an explosive should be sheeted which appears on a line higher in the 
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table, whereas if more propellent force is required, an explosive lower 
in the table should be selected. 

Th.3 grade of dynamite most generally used is that known as 40 per 
cent. While there may be times when it will be diffioult to detonate, 
especially in cold weather, it has the great advantage that it can be 
transported and bandied with comparative safety. It is often advis¬ 
able to use 60 per cent, dynamite upon sewer excavation because of the 
way in which the rock is bound in place and the necessity of shattering 
it to md in handling. In tunnel work it may be necessary to use 76 per 
cent, dynamite for the cut shots. 

Effect of Fumes.—When the gases generated by the combustion or 
dissociation of the explosives have spent their force in shattering the 
rock, they are liberated into the surrounding atmosphere. A portion 
of these fumes are given off from the pile of rock fragments somewhat 
slowly, although a very large proportion of them are liberated immedi¬ 
ately upon the shattering of the rock. If the men return to the site of 
the blast and immediately begin work they will inliale more or less of the 
fumes, and in tunnels they are obliged to inhale large quantities, which 
may result in more or less prolonged headaches, dizziness, and even 
asphyxiation in extreme cases. Because of the discomfort caused by the 
fumes, it is always well to do blasting at such times as will allow utilizing 
the men upon other work immediately following the blast, or to do it 
during the noon hour or early evening, so that there may be ample time 
for the escape of the fumes. In tunnel work, where a supply of com¬ 
pressed air is almost always available, it will be found convenient to 
provide a valve at the shaft by means of which the air can be turned 
into the heading immediately after the blast. Where this is done, care 
should be taken always to see that the valve at the heading is open before 
tiring. 

An account of the effect of the fumes generated by the explosion of 
nitroglycerin was given in the Medical Record in 1890 by Dr. Thomas Dar¬ 
lington, who treated some 1500 cases of asphyxia, partial asphyxia and 
iwisoning resulting from the use of dynamite in the construction of the 
Croton Aqueduct of New York City. Dr. Darlington clashed the 
cases as acute and chronic, depending upon whether the men inhaled 
large quantities of gas at one time or constantly breathed air containing 
small quantities for a prolonged period of time. The acute cases were 
accompanied by giddiness, nausea, vomiting and intense headaches. 
Where the men were brought into sudden contact with large quantities 
of poisonous fumes, as just after a blast, the giddiness was immediately 
followed by unconsciousness, the patient presenting the usual appear¬ 
ance of asphyxia. This condition soon passed away, however, and 
was succeeded by drowunees, languor, cold perspiration, intermittent 
pulse and often nausea and vomiting. The prominent symptoms in 
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chronic cases were headache, cough, indigestion, and disturbance of the 
nervous system. If the patient was removed from the tunnel and 
put to work above ground, he steadily improved and finally recovered 
entirely. Nearly all the cases mentioned by Dr. Darlington recov¬ 
ered in spite of the fact that some of them appeared very serious at 
the time. When the patients seemed to be suffering from asphyxia 
Dr. Darlington treaterl them with cold applications on the head, ad¬ 
ministering subcutaneously at the siiiiK' time atropine, ergotine, and 
other vasomotor stimulants. He recommended that workmen carry 
small vials of aromatic spirits of ammonia for immediate internal use in 
case of niicessity, and slated that the inhaling of ammonia has a beneficial 
effect. 

Use of Explosives in Wet Holes.—Where the holes can b(^ readily 
immped out and will not immediati^ly refill with water, ordinary dyna¬ 
mite can be used successfully. When dynamite is immersed in water, 
some of the nitroglycTrin is gradually displaced by water so that if the 
dynamite is not to be immediately exidodcd, there is a tendency toward 
a reduction in strength. It is, therefore, .always desirable to fire the 
blivst as soon afttn loading as possible, where the work is being carried 
on in the irrcsence of wati'r. Much protection is afforded to the ordinary 
dynamite cartridge by its paraffine covered ]>ai)er wrapper, although 
this is not a complete protcftion. Where much water is to be encoun¬ 
tered and the holes cannot lie immediately blown, it will be found de¬ 
sirable to use nitrogelatin in .sealed tubes in place of the true dynamite. 

Freezing of Dynamite.—While ))ure nitroglycerin does not freeze until 
its temperature has been reduced to about -11“ F., several kinds of dyna¬ 
mite freeze at temperatures of from 42° to .W F., dependent upon the 
character of the alisorbcnt, although there arc “low freezing" dynamites 
which do not freeze until a temperature of about 32° F. is reached. 
When completely frozen, it is hard and rigid, a condition easily recog¬ 
nized, but careful examination is miuired to determine whether or not a 
dynamite eortrirlge is iiartially frozen or chilled. Dynamite which is 
frozen or chilled is not easily detonated. The. first warning of tliis 
condition generally conics when a number of holes luisfirc while others 
appear to detonate in the ordinary manner. If, however, a careful 
investigation is made, it will generally be found that the charges which 
appeared to detonate, as usual, wen' far less effective, yet dynamite while 
chilled or frozen is exceedingly sensitive to friction and sticks should not 
be broken or cut while in this condition. Probably more bla-sting acci¬ 
dents occur in connection with the use (or thawing) of frozen djiiamite 
than in any other way. It is, therefore, of the greatest importance 
to examine the dynamite carefully to know accurately its condition 
and to provide suitable means for storing it so that it may not freeze, 
or for pnqMrly and safely thawing it, if it has frozen. A further pre- 
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caution which will bo found of assistance is to blow out the holes with 
live steam before loading them. If after thus thoroughly blowing them 
out they are quickly loaded and immediately thereafter arc detonated, 
there will be little opportunity for well-thawed dynamite to become 
chilled or frozen after being placed in the holes. The best results may 
l)e exi)ccted when the dynamite is at about 80° F. at the time of firing. 

Dangers in Thawing Dynamite.—It is a common occurrence on con¬ 
struction work to find “[lowdcr men” of long cxiwrience who adopt 
dangerous expedients for thawing dynamite and who will ix^rsist in 
following the easy way. Precautions should bo taken to prevent the 
leaking of the nitroglycerin from its absorbent while thawing, as this is a 
most frequent cause of danger. Immersion in water, cs|jce.ially hot 
water, tends to drive .some of the nitroglycerin out from its absorbent 
by displacement by the water. Heat also drives it out. Any act 
which may then explode even this minute portion of nitroglycerin may 
cause siiflieient shock to set off or explode the entire lot of dynamite 
which is in the i)roce8s of thawing. Thawing by immersion in water is 
not only dangerous but objectionable on the ground that, by diminish¬ 
ing the (piantity of nitroglycerin, it decreases the ]«)wer of the explosive. 

Thawing by holding over a hot stove either in the hand, upon a shovel 
or in a container of any sort, is dangerous, as the nitroglycerin which 
may thus be freed by heat is liable to jrremature explosion, with attend¬ 
ant danger of the explosion of the adjacent dynamite. 

Method of Thawing Dynamite.- Frozen dynamite may be thawed 
with comiiarative safety if suitable methods arc adojded and strictly 
followed. Valuable suggestions for suitable apparatus for thawing 
frozen dynamite are given in a ])amphlcl entitled “High Explosives,” 
published by the E.I. du Pont dc Nemours I’owdcr Co. In this bulletin, 
the company states: 

“When largo quantities of explosives arc rcquinxl on temporary work, an 
excellent device for thawing consists of a large, dry, water-tight milk can, 
having a half inch of sawdust in the liottom. This can should tic placed in a 
cask or liarrcl containing walx'r that has been prcviously hcatod by a jet of 
steam, or if steam is not available, the cask may be filled with warm water 
heated in some other rcecptiwle as often as is necessary. If the water in the 
cask IS to lie heated by a steam jet, the milk can containing the dynamite 
niu.st always be taken out of the cask while the water is being heated. Tlie 
cask should be covered with insulating material to retain the heat. The 
water must never be hotter than can be borne by the bare hand." 

Thawing kettles, especially designexl for this work, Fig. 44, may be 
procured from dealers in contractors’ supplies. They are designed for 
thawing relatively small quantities, as from one to two dozen sticks, and 
may lx; used with comparative safety provided the precautions indicated 
above and suitable directions, usually accompanying the kettles, are 
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strictly followed. A thawing kettle used by the authon with satia- 
factory resulta is shown by Rg. 45. 

Perhaps the best method of providing a supply oi thawed dynamite 
is to place the dynamite, immediately upon delivery on the work, in a 
box set in a suitable pit in the ground and entirely surrounded with 
green horse manure, as shown in Pig. 46. Such a thawing box may pro¬ 
vide for one, two, or possibly more, cases of dynamite at onetime. 



KA SOIti 
Cam Cam 


oecfton. ‘ 

-Single- - Double- 

Fia. 46.—Thawing boxes for dynamite (du Pont). 

The sticks may be taken from this pit from time to time as required 
upon the work, care being taken not to take the dynamite out until it 
has had ample time for thawing if it was delivered in frosen condition. 
Dynamite should not be left in such a pit lon^ than neoesBary^ as 
dampness may in time penetrate and injure H. For laxger quantitieSy 
regular thaw houses should be provided. The method oi heating should 
be indirect, and such as will under no drcumstanoes permit the teropera- 
ture to be raised above 100® F. 

Loading Drill Hdes.'—All drill holes should be thoroo^y rieaned be¬ 
fore loading. When the hole has been drilled to its full d^th, H will be 
found advisable to drive a wooden plug into it to prevent the entranoe 
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of dirt or water; such a plug will also aid in finding the hole. Where 
water and dirt have found their way into the hole, it will be necessary 
to blow them out with compressed air or steam, the latter being prefer¬ 
able in cold weather as it will thaw the ice and wann the surrounding 
rock, thus j)reventing the chilling and jwssibly the freezing of the dyna¬ 
mite which might occur if the hole were blown out with compressed air. 

As the effectiveness of the bla.st de]»ends u])on confining the gases in 
the smallest s|)ace, it is always advisiilile to use cartridges which fill the 
hole. A space betw(M'n the cartridge and the walls of the hole filled with 
air or water will have a cushioning effect upon the ex])l()sive. 

The pro])er <]uantify of powder to be used for a blast must be deter¬ 
mined by judgment and experiment. It is always wise to begin work 
by loading cautiously, increasing the charge upon successive blasts, if 
found necessary. 

Exploders and Fuses,—lilack powder may be exploded by the ordi¬ 
nary blasting fuse ignited by a mateh, or it may be set off by an electric 
exploder of low power. 

Fiir exploding contractors’ jiowder or dynamite, a powerful shock is 
retiuircd, for which purpose either elect rie fuzes or blasting or fulminating 
caps are provided. The caps are made of coiipcr shells 1 /4 in. in diam¬ 
eter and about 1 in. long, loaded with a little fulminate of mercury and 
carefully sealed. The fulminate of mercury occupies only about 1 ji in. 
of the closed end, while the balance of the shell servos to liold the fuse! 
The electric fuze consists of a special cap containing fulminate of mer¬ 
cury, as in the blasting cap, and in addition, two electric wins iirojecting 
through a sulphur jiliig and connected by a platinum wire which becomes 
heated to a red heat by the current of electricity used, and thus cxidodes 
the fulminate of mercury. 

In selecting exploders, care should be taken to purchase only those 
wliioh arc amply strong for the dynamite being used. In shallow holes 
one fuze only will generally be used and that will be placed in the top, 
or next to top, stick. Where deep holes are used, fuzes should be placed 
alwut 5 ft. ajiart. The following instructions for priming dynamite and 
other high explosive cartridges arc given in a bulletin published by the 
E.I. du Pont dc Nemours Co.: 

“To prime a dynamite or other high explosive cartridge with blasting cap 
and safety fuse, make a hole in the end of the cartridge after unfolding the 
paper shell, or in the side of the cartridge near one end, with a small pointed 
stick about the liiamcter of a lead pencil. This hole should not be much 
larger in diame^r than the blasting cap, for an air space around it always 
detraeta from the force of the shuck that a detonating blasting cap gives the 
expUrsivo surrounding it. The best resulu will be obtained if the blasting 
cap is pointed straight down into the primer cartridge. 

" When the blasting cap has been put in the end of the cartridge, the paper 
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must be folded carefully about the safety fuse, and tied securely with a piece 
of string. When it is inserted in the side of the cartridge near the end, the 
safety fuse is held in position by tying it to the cartridge with a double loop of 
string. 

“If the work is wet, cover the safety fuse where it enters the blasting cap 
with soap or tallow to prevent water getting into the blasting cap. Oil or 
thin grease should never be used for this purpose, as they may penetrate the 
safety fuse, and destroy the efficiency of the powder in it. 

“The correct way to prime a high explosive cartridge with an electric fuse 
is to follow the same method as when fuse and blasting rap are used. The 
common custom of taking one or more loops, or half hitches, around the 
cartridge with the wires themselves, after inserting the electric fuic cap in a 
hole made diagonally in the side of the cartridge near one end is always to be 
condemned. The principal objection Ls that the limping of the wires is 
very likely to break the insulation, causing short circuits, or leakage of cur¬ 
rent in wet work. Sometimes the wires themselves are broken." 

When charging, the sticks of dynamite should be pressed firmly into 
place with a wooden tam[)cr, having no metal parts. Where the holes 
are practically dry, it will be found advantageous to put a few slits in 
the side of the dynamite wrnpiter so that the cartridges may be pressed 
into the hole in such a way as to fill it completely. If the holes are wet, 
the cartridges should not be slit unless gelatin dynamite is being used. 
Care should be taken in pushing the top cartridge into place not to dis¬ 
turb or displace the exploder or damage the fuse or the connecting wires. 

Ste mming and Tamping.—Exidosives containing nitroglycerin, 
because of the rapidity of their action, will shatter the rock on which 
they rest, even in the 0 |)en air. This is illustrated in the method of 
blasting by “mudeaps, ” or dobe blasting, the air acting as an anvil. 
To secure effective results, however, in the blasting of drill holes, it is 
necessary that the dynamite be closely confined in the bottom of the 
hole and that the balance of the hole be filled with some suitable material, 
well compacted above it. The process of compacting both the dynamite 
and superimposed earth is called “ tamping, ” and it has been customary 
to speak of the earth packing also as “the tamping," “ tamping material 
or even as “tamping." To avoid confusion, the United States llureau 
of Mines has suggested the term “stemming" for the tamping material, 
a term which may well be adopted. 

The best materials for stemming are moist loam, clay or sand. In 
some cases it has been found advisable to use plaster of Paris, the hole 
l>eing completely filled with the moist plaster which, when set, forms a 
very hard and tight stemming. The authors have used for stemming, 
in holes which arc horisontal, or which imint up, molded sticks of day, 
dried in a warm room after molding, similar in site to dynamite car¬ 
tridges. These are readily placed in the boles, pushed into position and 
broken up by moderate pressure on the tamping sticks. Tamping 
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bags made of paper in which the stemming can be placed are upon the 
market. 

After the last cartridge has been pressed into position, from 2 to 4 in. 
of stemming should be placed in the holes and carefully tamped by the 
use of gentle pressure, care being taken not to injure the fuse or to strip 
the electric wires. After about 6 in. of stemming has been pressed 
securely into place above the top cartridge, considerable pressure may 
be used in tamping the stemming, which is dropped into the hole, little 
by little, until it is filled. It is, however, sufficient to tamp by hand, 
any additional pressure being unnecessary and dangerous. Tamping 
should never be done with any metal bar or a wooden bar containing 
metal. 

Unloading Holes.—Unfortunately, it is sometimes necessary to re¬ 
move the stemming and dynamite from loaded holes because of failure 
to explode, due perhaps to broken wires, defective caps or other causes 
which arc many times not known. In such cases, the cap is in the dyna¬ 
mite and may readily be fired by an accidental blow and it is also possible 
to ignite the dynamite directly. The process of unloading is, therefore, 
a delicate one, to be carried out only with the greatest care. The stem¬ 
ming should be carefully removed by means of a copper spoon until the 
hole has been cleaned to a sufficient depth to permit placing another 
cartridge and exploder on top of the charge already in the hole. The 
hole should then be refilled and tamped and fired. The firing of the 
upper charge will almost always set off the lower one. If the dynamite 
must be removed from the hole it can be done with the copper spoon, 
but it is a dangerous proceeding and should never be attempted if it can 
possibly be avoided. 

Disposal of Dnexploded Dynamite.—It occasionally happens that 
unused dynamite must be disposed of. The proper method of doing 
this is to split the cartridges, spread out the dynamite in a thin sheet 
and bum it in the free atmosphere. This can be done with comparative 
safety, although great care must be exercised to take reasonable pre¬ 
cautions. The presence of an exploder in dynamite to be thus burned 
may prove a source of great danger. 

Blasting Machines.—Electric fuies are ignited by means of blasting 
machines, commonly called “batteries,” concerning which a bulletin 
entitled "Blasting Supplies,” published by the E.I. du Pont de Nemours 
Powder Co., gives much valuable practical information. Two sizes of 
batteries ate made by this company, the specifications of which are given 
in Table 24.^ 

The methods of construction and operation of these batteries are 
Illustrated in Fig. 47. This battery is of the push-down type, which 
means that the obarge of electricity is released and sent through the 
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leading wiree and explodes at the end of the downwaid stnAe. A 
battery firing at the end of the upward stroke is also made. 


Table 24.—Data Relatino to Blasting Machines 


1 

Sisc A 

Sise B 

Posta, No. 

Capacity. 

Dimensions. 

Net weight. 

1 2 only 

1 to 10 Electric fuses 
; 7 in. X 8 in. X 14 in. 
i 20 lb. 

2 unless ordered with 3 
1 to 30 Electric fuses 

7 in. X 10 in. X 18 in. 
261b. 


“In the accompanying illustration, the parts marked 8 and 9 are field 
magnets, which ate energised by the current from the revolving armature 18. 
The teeth of the armature pinion engage with the rack bar 1, and by clutch¬ 
ing also engage With the armature shaft on the downward stroke (only) of 



Fig. 47.—Blasting batteries (du Pont). 


tbe rack bar. 4 is tbe contact spring which, when struck by the bottom 
of the descending rack bar, breaks the contact between two small platinum 
Irearings, one on the upper face of the contact spring and the other on the 
under side of the bridge 5, and in this way throws the entire current through 
the 'outside' circuit, that is, leading wire, electric fusee and connecting wife; 
15 is the commutator. 

“ To operate the push-down blasting machine, lift up the rack bar by the 
handle 34 to its full extent, and with one quick, hard stroke push it down to 
the bottom of the box with a solid thud. As the rack bar approschoi the 
bottom, it becomes more difficult to operate, because of the ‘building up’ of 
the blasting machine; but the speed of the thrust should not be diminiidied, 
because the finish of the operation is just as important as the start." 

10 
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The fuzes are connected in series, as illustrated by Fig. 48, and the 
lead wires arc extended to the point where the battery is to be applied. 
Kxtren)C care should be exercised to make sute that all connections are 
bright and tightly twisted and that the bare wire docs not touch the 
ground or that one bare wire does not touch another. Well covered 
battery wire should be used for leading wires and when the covering 
has Ijeeii damaged, new wire should be substituted immediately to avoid ♦ 
short circuits. 

The two free ends of the lead wires arc not connected with the battery 
until the last thing, after all jjersons arc at a safe distance, and immedi- 

ately before tiring. The 
rack bar is then drawn 
up to its full height and 
W '' then quickly and xdgor- 

i X \ ously pushed down, thus 

' • \ N. causing a discharge of 

• \ N. electricity of high poten- 

\ -tial to p.'iss through the 

wires, which heats the 

•O' l/VvVvVVi wires in 

i I I I I i I I the fuz(w and thus ignites 
the fulminate of mcr- 
r \ -Two L»d.ns fury, which explodes, 

AX wirf». detonating the charge 

'/.A \ N, of dynamite. 

The battery should 
\ ^ always rest securely on 

innrV^nnnl ^ substantial footing so 

lllltlli ^*****' move 

I 1 • 1 I I • 1 when the bar is pushed 

Thiia-fo« Mothina ConiKcfrt whh down and thus impair 

Thm Uadln,WI«. 

Fm. 48 —Methods of connecting battery 'p|jg har should be 
(dll lout). pushed down by a 

quick, hard blow, so as to generate the maximum strength of current. 

A batterj' should never lie overloaded by connecting too many holes 
with it or by using umiecessarily long leads, ns such an overload may 
reduce the strength of the current sufficiently to prevent the firing of 
some or all of the charges. 

It is well to tent a batterj- at frequent intervals to make sure that it is 
in good working condition, and incidentally such a test is serviceable 
in showing the operator how hard a blow Is necessary to produce the 
desired strength of current. A verj- convenient and satisfactory method 
of testing is to insert in a cireuit of the usual length and size of wire an 


Thin-f9«» MatVi«n« Connected whti 
Three iMdin^Wire*. 

Fuj. 48 —Mt'thoilhi of cormwting battery 
(du PtHlt). 
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electric lamp which will fail to light up if the current fa weak, will light 
only faintly if the current fa moderately strong, but will become momen¬ 
tarily white if the current fa strong and suitable for use. The lottery 
may be tested by firing a number of exploders buried in the ground and 
wired up in the usual way. 

The battery should always be kept in the best of repair and dry, for 
every failure to fire fa a source of danger and of cxp<mac. 

Shipment and Storage of Explosives.—The authors are indebted to 
the U. S. Bureau of Mines for the following sections, written by Col. 
B. W. Dunn, and extracted from its Bulletin 17: 

“Responsibility to Public.—A responsibility to the public rests upon lioth 
manufacturers and eomiuon curriers to secure the safe delivery at destination 
of explosives, and it is the duty of the owners of explosives to store them 
safely. 

“Federal Law and Interstate Commerce Commission Regulations.— 
Under authority granted by Congre,sa, the Interstate tionimen’e Coniinission 
has made regulations binding ujMUi shippers and eoniinon carriers, for the 
Iran-sportation of explosives in interstate eointneree, and the iienalty of a 
possible fine of *2000 and IS motiths’ imprisonment is prescribed by law for a 
violation of any of these regulations. 

“The shipper must know and certify on his shipping order that the 
explosive offered iiy him is in a proper condition for safe transportation and 
that it is packed and marked as required by the regulations. To perform 
this duty the shipper should be thoroughly familiar with all ixtquirementa 
pertaining to his shipment. A copy of the regulations can be obtained by 
application to the railway agent, whose duty it is to furnish them to shippers. 

“Explosives in Baggage or Household Goods.—I’ersons arc sometimes 
tempted to pack explosives for shipment with their baggage on passenger 
ears, or with their household goods for shipment by freight. To do this 
IS a criminal act that endangers the lives of the innoeent and unsuspecting 
persons who have to handle these packages, and that subjects the guilty 
shipiier, when detected, to arrest and prosecution. The Federal law 
(section 236) prescribes an imprisonment of 10 years for anyone convicted 
of this crime when death or bodily injury results fmm the illegal transporta¬ 
tion of explosives. When no injury results the maximum is 18 months 
impmonment and a fine of $2000. 

“Ma^tziae Buildings.— Explosivea should he protected as far as pracU- 
cable during storage against heat, moUturc, fire, lightning, projectiles, and 
theft. The buildings should therefore be weatherproof, covered by fireproof 
and bulletproof material, well ventilated, in secluded locations, and not 
exposed to fire risk from grass or underbrush. Lightning protectors are 
liest placed on a line of supports encircling the building and 20 to 30 It. 
distant from it/’ 

UoUtton of MagMines.—BuUetin 17 of the U. S. Bureau of Mine* abo 
calb attention to the investigation made by the American KaHway 
Association jointly with a committee appointed by the manufacturer* 
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of explosives, concerning the dangers that attend the location of storage 
magatioes in too close proximity to railway property. Notwithstanding 
the difficulties experienced in getting reliable information, they succeeded 
in collecting notes covering 130 explosions. With this information 
platted in the form of curves they determined the distances by which 
storage magazines should be separated from inhabited dwellings and 
railways. For such magazines as are guarded by an efficient barricade 
or by natural protection, the distances as determined by this committee 
are as shown in Table 25. For such magazines as are not protected 
by an efficient barricade or otherwise, the distances should be doubled. 

Table 25.—Minimdm Distances between Barricaded Magazines and 
Railwavs or Inhabited Dwellings 


(From Bulletin 17, Bureau of Mines, p. 65) 


Quantity of 
exploaivea 
stored (lb.) 

Proposed American 
distance (ft) 

Quantity of 
explosives 
stored (lb ) 

Proposed American 
distance (ft.) 

Inhabited 

buildings 

Public 

railway 

Inhabited 

buildings 

Public 

railway 

50 

120 

70 

10,000 

890 

535 

100 

180 

110 

20,000 

1,055 

635 


260 


30,000 

1,205 

726 


320 

190 

40,000 

1,340 

805 

400 

360 

215 

60,000 

1,460 

875 

500 

400 

240 

60,000 

1,565 

940 

600 

430 

260 

70,000 

1,655 

995 

700 

460 

275 

80,000 

1,730 

1,040 

800 

490 

295 

90,000 

1,790 

1,075 

900 

510 

305 

100,000 

1,835 

1,100 

1,000 

630 

320 

200,000 

2,095 

1,255 

1,500 

600 

360 

300,000 

2,335 

1,400 

2.000 

650 

390 

400,000 

2,555 

1,535 

3,000 

710 

425 

500,000 

2,755 

1,655 

4.000 

750 

450 

600,000 

2,935 

1,760 

5,000 

780 

470 

700,000 

3,095 

1,855 

6,000 

80S 

485 

800,000 

3,235 

1,940 

7,000 

830 

500 

900,000 

3,355 

2,015 

8,000 

850 

510 

1,000,000 

3,455 

2,076 

1 9,000 

870 

620 





“ It should be underatood that the proposed distances given in the above 
table have not yet been sanctioned by law. Whenever it becomes necessary, 
however, for a eourt to decide what would be a reasonable distance in a 
locality wtere such a distance is not specified by law, common practice would 
require resort to the testimony of experts. TTie above table represents the 
combined judgment of the best experts available, after an honest and pro¬ 
longed study of all available data. It is probable, therefore, that the table 
will be accepted as a guide and that any person mai n taini ng a storage maga- 
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zine at distances less than those prescribed by it will be subject to successful 
prosecution before the courts for the maintenance of a public nuisance. 
It will be advisable, therefore, for all interested parties to see at the earliest 
possible moment that their magazines are located in accordance with the 
above table. It is understood, of course, that, in any locality where the law 
on this subject is now specific, the law must be the guide. 

"Care of Magazines.—Magazines should be kept clean and in thorough 
repair. Grounds around them should be kept clear of leaves, grass or other 
materials that might feed a fire. These words should be conspicuously 
posted on them; “Explosives—dangerous. No shooting allowed.” The 
sweepings should be thrown in water or taken to a safe distance and de¬ 
stroyed. In case floors become stained with nitroglycerin, cover the stains 
with dry sawdust, sweep up, and remove the sawdust. Then scrub the 
stains thoroughly with a hard brush and a solution of one-half pound of 
sulphide of sodium or sulphide of potassium in l/2 gal. of wood 
alcohol. Do not allow in the magazine any tools other than a wooden 
mallet and wooden wedge or a phosphor-bronze chisel, and a screw driver to 
be used only for removing screws. 

“Do not open dynamite boxes with a nail puller or powder cans with 
pick axes. Remove all explosives from a magazine before repairing it. 
Do not store detonators with explosives. Do not open packages of ex¬ 
plosives in a magazine. Issue first the oldest explosives on hand. Do not 
store dynamite boxes on end, as this increases the danger of nitroglycerin 
leaking from the cartridges. Persona receiving packages of explosives sent 
by rail should examine them carefully to discover ruptures or other serious 
damage received during transit.” 

Cost of Explosives.—The cost of explosives varies greatly in different 
Iwalities and at different times. However, to give the reader a rough 
idea of such cost. Table 26 has been prepared giving net prices current 
in Massachusetts on January 1, 1914, and Table 27 gives a similar list 
of electric fuze prices. 


Table 26.—Dynamite Pbice List (per 100 lb.) Applicable to Massa- 
cuosETTs, January 1, 1914 
(From Opo. B. 8ampi»oo C<»., Boiton) 


Quantity 

•20% 

40% 

1 50% 

60% 

76% 

Car load lota. 

$10.00 

$12 00 

$13.20 

$14.40 

$16.20 

2000 ib. or over. 

12.00 

14.00 

15.20 

16,40 

18.20 

Iamb than 2000 Ib. 

12 7.6 

14.7.6 

15.96 

17.16 

18, «6 


‘ Low freeiiof dyaamtie (ottroflyoeHo). 


Note, —For team deliveries in the city of Boston, Maj*s., and its suburbs 
in loU of 300 Ib. and not leas than 50 lb, add 2c. per lb. to the above. 
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Table 21 .— Klectkic Fuze Piuce List (ter 100) Applicable to Massa- 
CHDBETTs, January 1, 1914 
(From G,'o. H. SAmpson Co., Boston) 



1 Single 

1 Double 


! strength 

1 strength 

Cotton-covered 4 ft. wires 

$3 00 I 

$3.50 

Cotton-c'overed 6 ft win's 

.1 3 54 

4.04 

Cottorwovered 8 ft. wires 

1 4 08 

4.58 

Cotton-eovered 10 ft. wires 

1 4.62 

5.12 

CottoiwoviTed 12 ft wires 

; 5.16 

5 66 

CottoiMMjvered 14 ft.wire.s 

i 5 70 

6.20 

CottoiM^overed 10 ft. wires 

! 6 24 

6.74 

(%)tton-<‘overed 18 ft wjh's 

1 6 78 

7.28 

Cotton-i'overed 20 ft wires 

: 7 32 

7 82 


10 per cent, discount, on orders for less than one thousand. 15 per 
cent, discount on orders for one thousand and less than five tliousand. 25 
per rent, ili.scount on orders for five thousand or more. 

Terms JO days or 2 per cent, off for cash in 10 days. Freight not 
allowed on exploders. 

Most sewer trenches arc so shallow that few of the holes are deep and 
most of them retiuire (or iieriiiit) the use of only one to four stinks, or 
from 1 12 to 2 Ih., of dynamite. Therefore, a much greater number of 
fuses, or exploders, are used than upon work permitting the use of deep 
hole.s and heavy charges. 

Iljion the excavation of about 4000 cu. yd. of rock, varying from soft 
and seamy schist to very hard and brittle granite and traj), in shallow 
and narrow sewer trenches, where much of the ledge W'as encountered 
some distance below the surface of the street, the authors used from 1.76 
to 3.6 fuzes per cubic yard of rock excavated, or an average of 2.5, equiva¬ 
lent to 1.25 to 2,57 (averaging 1.58) fuzes per pound of dynamite used. 
Upon this work, an average of 1.58 lb, of dynamite were used for every 
cubic yard of rock excavated. Assuming that 40 jier cent, dynamite 
was used and that it cost $16.75 per 100 lb. (including team deliveries) 
and that four doubU>-strcngth fuzes were used, coating $3.15 per hun¬ 
dred, the cost of explosives per cubic yard of rock excavated would be as 
follows: 

Dynamite. 1,58 lb. at $0.1675 = $0.2645 

Ihizes.2.5 at 0.0315 - 0.078 


Total 


$0,342 





CHAPTER VII 

QUANTITY AND COST OF EXCAVATION 

In a general way the cost of a trench is proportional to the quantity 
of material excavated. This, however, is subject to many qualifications. 
Kor example, the cost of sheeting, bracing and pumping will bo about the 
same whether the trench is of the exact width needed or a foot or two 
wider. The cost of picking, shovelling, backfilling, and hauling surplus 
material to the dump, however, will be closely proportional to the 
quantity of material actually excavated. In some cases it may prove 
economical to open the trench wider than is actually necessary for the 
.structure, so that certain types of machinery may bo employed. Upon 
some small works, also, trenches are sometimes made so narrow that 
the men cannot work in them to advantage. 

The design of masonry sewers may affect the cost of construction 
materially by requiring wide trenches; this is the case where some of the 
so-called aqueduct sections are used, while if circular, semi-elliptical 
or rectangular sections arc employed, the quantity of excavation may 
be le.s8. Where concrete sewers are to be built it may sometimes prove 
economical to fill in some extra concrete rather than to dig the trench 
wide enough to put in outside forms. 

The character of material to be excavated usuaUy has a marked effect 
upon the width of the trench. In hardpan and dry clay, the banks 
may stand without bracing, thus making it possible to dig the trench of 
practically the width of the structure to be built, while the same sewer 
built in a trench in quicksand, running sand, or gravel may require 
heavy timbering. To form a conception of this difference lot it be 
assumed that two sowers of 6 ft. outside diameter are required in 
trenches 28 ft. in depth, shown in Fig. 52, and that one is to be built 
in loose gravel and the other in hardpan which docs not require timber¬ 
ing. The quantity of excavation required in a hwdpan trench, 
carried dowm with vertical banks, will be 168 cu. ft. per linear foot, and 
the extra excavation required by the sheeting and bracing in the gravel 
trench will be 33-1/3 cu. ft., equivalent to an increase of 19.8 per cent. 

In rock excavation it is very difficult to excavate exactly to the line 
thcorcticaUy required. Many times the excess of excavation will bo 
very large, on account of the inclination of the strata of rock excavated, 
and the tendency of this rock to sUde into the trench and to break 
wide. 
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'Um of CAKOvtrtfon 


To provide for these uncer¬ 
tainties and prevent contro¬ 
versy as to the quantity of 
excavation to be paid for on 
contract work it is customary 
to prescribe certain limits to 
which the quantity to be paid 
for shall be calculated, but 
the contractor may, if neces¬ 
sary, excavate beyond these 
and if the structure can be 
built in narrower excavation 
he is not required to excavate 
the full width shown upon 
the drawing. 8uch a specification may be worded as follows: 



Section of Trench tor Sewer and Drairt. 
Fig. 49. —"LincH of Excavation,” Hope- 
dale sewerage system. 


“The quantity of earth excava¬ 
tion to be paid for shall be the 
number of cubic yards of material 
. . . that would have been re¬ 
moved if the excavation were ex¬ 
actly to the depth of the bottom 
of the masonry or barrel of the 
sewer pipe, and to the width 
shown on the drawings by the lines 
of excavation.” 

This method is illustrated by 
Figs. 40 and 50. 

Another method of meeting 
this situation, which is looked 
upon with much favor by some 
engineers, is to provide in the 
contract that earth excavation 
shall be paid for per linear foot 
of sewer constructed. This is 
an excellent method, provided 
the preliminary engineering has 
been done with sufficient care 
and thoroughness so that there 
is no possibility of a change in 
plans, t^der this method prices 
are not usually taken for excava¬ 
tion at different depths, os where 
prices are taken per cubic yard 
of exeavation, although there is 




Sectional Plan’and Elevotioo, 
Showing Lines of Excavation. 

Fig. 50.—“Unes of Excavation” for 
manhole, Hopedale sewerage system. 
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no reason why this precaution could not be taken as an alternative 
to be used in case of changes in depth or width of excavation. 

Under such contracts as those described it makes comparatively little 
difference what limits of excavation are prescribed provided the con¬ 
tractor understands the limits in advance of making his bid. It is then 
simply a matter of computation to determine the price which he should 
bid under the stipulations of the contract, for the quantity of excavation 
which he thinks it will be necrasary to remove. This adjustment, 
however, is a matter of vital importance and should not be overlooked 
by bidders, or by engineers who are making estimates of the probable 
cost of work. 

The quantity of excavation required for trenches from 1 to 26 ft. in 





I 


J 

f 

I 

J# 

A 


Fkj. 51.—Tlieoretical quantity of excavation for trenches 1 iu 16 feet deep, 
for sewers of 5 to 20 ft. outside diameter. 


depth, suitable for sewers from 6 to 24 in. in diameter is given iu 
Table 28, The quantities given in this table are computed for the 
standard trenches shown in Fig. 110, Chapter XI. 

As pointed out by Marston and Anderson and discussed in Volume I, 
page 331, it is desirable to narrow the bottom of the trench to the width 
actually required for the pipe and Jointing, by leaving square shoulders cm 
both sides to carry a large portion of the load due to the superimposed 
backfill, thus reducing the load on the pipe. This reduction in excava¬ 
tion, however, probably will not be accompanied by a corresponding 
reduction in cost, for it will be offset by added expense due to shaping the 
bottom and working in the restricted trench. In fact, the cost may be 
somewhat increased but it seems probable that any such increase will be 
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justifuNl by the reduced danger of damage to the sewer from excessive 
load. 

The quantity of excavation re(|uircd for trenches for masonry sewers 
from 1 to 40 ft. in depth and from 4 to 20 ft. in width may be obtained 
from Figs. 51, 52 and 53. The.sc diagrams are based upon the 
assumption tliat the top set of siieeting will bo 11 or 12 ft., the bottom 
set 10 ft., and the intermediate .set 12 ft. in length. They are computed 



Ma*. Width of Mosonry, Feet. 

•W. 

Fio. 52.—llioorotical quantity of oxciivation for trenches from 13 to 28 ft. 
deep for sewers of 5 to 20 ft. outside diameter. 

for hoa \7 trenches using 10 X 10-in. rangers and braces. The shooting 
is assumed to )>o 2 in. in thickness. 

The quantities of excavation obtained by the use of these diagrams 
should Im) considered as approximate only, as spociiU calculations will be 
necessary for each individual case where exact quantities are to be 
determined. 






Table 28. —Cubic Yards of Excavatiox per Linear Foot of Trench; Depths 1 to 26 F’t.; Pipes 6 In. to 24 In. 

Diameter 
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In making estimates, d 
trenches do not always c( 
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FlO. 63.—^eoretical quantity of excavation for trenches 25 to 40 ft. deep 
for sewers of 5 to 20 ft. outside diameter. 


is well illustrated by comparing Figs. 53 and 54. Fig. 54 is based 
upon averages of actual measurements of cross-sections of about 25 

















cent., whereas the excess excavation for large sewers from 12 to 16 ft. 
outside diameter varied from I to 5 per cent., thus emphasizing the 
lessened importance of unnecessary width of trench upon very large 
work. 
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It should not be assumed from Fig. 54 that the trenches actually 
excavated were of such regular form as indicated by this drawing, which 
is based upon the average of a relatively large number of cross-sections, 
some of which corresponded closely with the theoretical cross-section, 
and others were very much wider and were ill-shaped, involving a large 
unneccs-sary quantity of excavation, as illustrated by numerous dia¬ 
grams in Chapter IX, where experience with a variety of types of sheet¬ 
ing is recorded. 

Measurement of Excavation.—The length of trench or sewer is usually 
measured from center to center of manholes on the surface of the ground 
parallel to the trench bottom or sewer.* The depths of excavation arc 
determined from the record profile, being the difference between the 
elevations of the surface of the ground and the sewer. Sometimes 
it is specified that measurements shall be made to a point, such as 0.2 ft., 
below the pipe invert or pipe grade line. 

Elevations of the surface should be taken at each grade board or at 
intervals of about 25 ft. The depth of the sewer as shown on the profile 
should be checked at each manhole. It is of convenience in making 
computations of volumi' to be able to compute the cross-sectional area 
of the trench at uniform intervals. 

Elevations on the surface of rock should be taken before blasting at 
intervids of 5 or 10 ft., de|)ending upon the character of the surface, and 
in the case of very jagged rock surfaces, at such other points as may be 
necessary to measure the rock accurately. 

A section of trench may be considered as having the form of a “pris- 
moid,” that is, a solid having parallel end areas and composed of any 
combination of prisms, wedges or pyramids whose bases and apices lie 
in the end areas. 

A sewer trench usually has similar parallel cross-sections and a 
uniform width. The volume of such a trench may lie computed by 
the method of averaging end areas, the formula for which is as follows: 

r = 2 ■'* 

V = volume of .section in cubic feet. 

I ■= |x;r|K'ndicular distance between end cros.s-sections, in feet. 
A 1 and A i = areas of end cross-sections in square feet. 

In the case of trenches as just dc.scribed, where sections are taken at 
regular intervals the computations may be combined in one formula as 
follows: 

> Extnuri {rom Stondard Hpaeifications far Conitnietion of Maio aod Braaoh Sewen. 
PfaUadalphia: length of sewer built ahiJI be reduced to and paid for in botisonta! 

tneaeure of City Distrirt etaodard feet. All vertical dimeiuiona are given and are to be 
measured in the United 8tat«a standard feet, and when preceded by the sign + or re- 
■peetively to above or below an established htmaonUU plane called City Datum, which 
is 2.S5 ft. above mean high water aod 7.50 ft. above mean low water in the Delaware 
River at Philadelphia. The length of aewer to be paid foe will include the q>aoe taken 
up by manholea.** 
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V = volume of continuous line of earthwork in cubic yards as 
computed by averaging end areas. 

I = perpendicular distance between cross-sections in feet, 
n = number of cross-sections, 
or 

^ ^ (t + • ■ • + + j) 

where u> = uniform width of trench in feet. 

di, (It, dj, (/,, etc. = depths of trench in feet at each cross- 
section taken at regular intervals. 

In the case of sewer trenches which have dissimilar parallel cross- 
sections and non-uniform width, the approximate volume may be found 
by the method of averaging end areas as almve, but a more accurate 
method is by the prismoidal formula as follows: 

V = l^{A, + iA. + A,) 

II = volume of section in cubic feet. 

I = perpendicular distance l)ef ween end cross-sections, in feet. 
A,, A„, A 2 = the areas of end and middle cross-sections in square feet. 

In measuring excavation or grading over extended areas, the ground 
should be staked out, or cross-sectioned, in equal rectangles or squares, 
not over 50 ft. on a side, of such sire that the surfaces of the rectangles 
may be considered as planes. Elevations should be taken at the 
corner stakes. After the earthwork is completed, the ground should be 
re-staked on the same points as before and the final elevations at the 
corner stakes taken. The differences between these two sots of elovsr- 
tions will give the depths of excavation or fill at the corresponding 
comers. The volume of the excavation or fill may bo computed by the 
following formula: 

V = (Zhi + 2Zh, + 3Sh, + iZht).' 

V =■ volume of earthwork in cubic yards. 

A = horizontal area of unit rectangle in square feet. 

Zhi = summation of comer heights which have one rectangle adjoin¬ 
ing. The subscripts denote the number of adjoining rectantdas 
each of which has an area of A. 

The approximate quantity of earthwork may also bo calculated from 
the areas enclosed by contour lines, these areas Ixjing obtained most 
readily by the use of a planimeter. The volume is calculated by the 
prismoidal formula previously given, the prismoid being vertical in this 
case and lying between the contour planes. 
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There is often a considerable difference in the quantity of earthwork 
as computed by the average end area method and the prismoidal formula 
and as in several states the cuurts of final jurisdiction have decided that 
the prismoidal method, while the mure accurate, is not the customary 
method of computing excavation, it is always well to state in the specifi¬ 
cations the method which will be followed. In all questions of mensura¬ 
tion, courts usually follow local custom unless there is a specific agreement 
in the contract os to a method. 

Thus far the computations of volume have been based on the assumption 
that the center line is straight with all cross-sections at right angles to it. 
If, however, the center line is on a curve, then the cross-sections will not be 
parallel to each other but will be radial. In the usual case, where the 
surface is level, the cniss-section is symmetrical about the center line which 
passes through the center of gravity of the section. For this case, the 
prismoidal formula gives the correct result and no correction for curvature is 
necessary. 

If the trench excavation is on a side hill slope so that the cross-section is 
unsymmetrical about the center line, a correction must be made to allow for 
the increase or decrease in volume depending on the location of the center of 
gravity of the cross-section, whether outside or inside the center-line curve. 

For further discussion of this subject see “Field Engineering” by Searles 
and Ives, Vol. I, 17th E<lit., p. 2.36. 

COST OF EXCAVATION IN GENERAL 

The attempt to give definite information concerning the cost of 
excavation is apt to be misleading on account of the groat difference in 
the character of materials encountered, the location of the work, and 
the labor and machinery available. In order to give the student or the 
young engineer some conception of current prices prevailing in excava¬ 
tion work the following statement has been prepared, which is to be 
used only as a rough guide and not for specific application. 

In ditching and building shallow canals in peaty or fibrous alluvium, 
which can readily lx> handled by machine, the cost has been found to be 
as low as 4 to 5 cents per cubic yard. The handling of such materials, 
together with some sandy matoial and sandy or alluvial deposit in 
river dredging, has often been done for 10 cents, more or less, per cubic 
yard where the material could be bandied by suction or other tyqje of 
dredge particularly suited to it. 

In the case of the more compact and sricky materials dredging opera¬ 
tions have generally cost from 20 to 30 cents per cubic yard in the 
harbors along the eastern coast of the United States. 

In m a k i iy dams and railroad fills by the hydraulic sluicing process, 
more particularly in the western parts of the United States, the cost is 
usually about 15 cents per cubic yard where the water is pumped and 
7 to 10 cents where water can be diverted from a nearby creek, both 
including pipe line installation. 

Excavation by steam shovel has generally ranged from 20 to 30 emits 
per eutnc yard, depmiding upon the hardness of the material encountered; 
and in the case of shale or other rook which is not too hard to be readily 
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shaken up by explosives so that it can be handled by steam shovels, 
upon heavy work prices of 75 cts. to $1 per cubic yard have not been 
uncommon. The cost of removing the spoil is often a very important 
element on steam shovel work. 

Excavation by drag or wheel scraper may cost from 20 to 30 cents per 
cubic yard as against 25 to 40 cents if handled by hand and carts. 
Shallow trench excavation by hand is likely to cost 25 to 35 cents in 
easy soils, and in the harder work, 40 to 50 cents per cubic yard, more 
or loss, and may reach considerably higher limits. If the excavation 
goes below the water table or ground water line, the cost will increase 
rapidly with the depth to which the excavation is carried, reaching in 
the case of quicksands, rc(iuiring special precaution for their handling, 
such as sheeting and bracing and pumping, prices from $2 to $3 per 
cubic yard. 

In heavy trench excavation for large sewers, where steam shovels or 
orange-peel dredges can be, used, the cost of excavation in favorable and 
reasonably dry materials, is likely to be approximately $1 per cubic 
yard, the cost increasing with the difficulties encountered, particularly 
the amount of water. 

The cost of rock excavation also varies widely upon trench work. The 
shales of the Middle West can generally be handled at II to $2 per 
cubic yard, the harder conglomerates, granites and gneisses of the 
East at $4 to $5 per cubic yard, in shallow trenches, the cost of rock work 
increasing materially with the depth of the trench where the width of the 
trench is small. 

In the case of tunnel work, the removal of the rock for the minimum 
bore, approximately two-tliirds of a cubic yard per linear foot of tunnel, 
may be figured at from $1.5 i>cr cubic yard more or loss for igneous rocks 
to about $3 for sedimentary rocks, and the additional rock excavation 
involved in any desired section may then be figured at the smaller cost of 
enlarging the drift, in general from 10 per cubic yard more or less to 
perhaps 12 per cubic yard, depending upon the character of the rock, but 
the cost will vary substantially with the amount of work to bo done, 
material encountered, labor and machinery available, accessibility, etc. 

Cost of Louisville Sewerage Reject—The Commissionora of Sew¬ 
erage of Ixjuisville, Ky., kept an accurate and itemized record of the 
costs of the several contracts under which they built about 54 miles of 
sewers during the six years from 1907 to 1912. As such complete 
records upon so large a project are rarely available it is believed that 
they will prove of sufficient value for reference to warrant their publica¬ 
tion. A portion of the data is taken from the final report of the Com¬ 
missioners, dated March 31, 1913. Tlie detailed costs, given in 
Tables 33, .34 and 35, have been computed by the authors from data 
taken from the original files. 
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A difrtribution of the main items of expense on contract vprlc is given 
in Table 29. The total cost of this work is seen to have” been over 
J.3,700,000, of which 2.09 per cent, was for administration and 9 per 
cent, for engineering. All of the contracts, of which .there were 86, 
were advertised, with one exception. Prior to the opening of bids 
upon each contract, the enginwr prepared a preliminary e.stlmate of the 
coat of the work included in the proposals and of the total cost of the 
work. A comparison of these estiinafca with the amounts of lowest 
proposals and amounts paid conlractors may be made from the data 
given in Table 30. The Chief Engineer, J. U. E. Breed, made the follow¬ 
ing comment upon these estimates and bids: 


Table 29.—Dwtiiihiition’ of Main Items of Exfense, on Contbact 
WOKK, TO.lANIIAItV 31, 1913 


Itoin 

Tl>tHl cost 

Percentage 
of t(}tal 



expenditures 

Adminiatratiori 

$7H,()25 03 

2 09 

EnKincering 

336,.544 S7 

9 00 

IliKht of way 

12,319 3(i 

0 33 

CaHtings and other inotal work supplioH 

1,'),461.29 

0 41 

Damage auita (exclusive of rights of 
way). 

8,307 .'■>2 

0 ’22 

Amount of payments to Contractors 

s9 

87 95 


$3,739,988 96 

100 00 


"While the bases of these estimates doubtless varied from time to time, 
depending on market eonditions, price of labor, and the tendency of con¬ 
tractors to bill higher or lower than previously, it is believed that these varia¬ 
tions have not been large. Diagram 5,5 shows graphically the relation 
between the Engineer's estimates and the lowest bids received. It will be 
noticed that during 1907,190H and the hrst six months in 1909, the proposals 
were almost invariably below the Engineer’s estimate. During the latter 
part g(t 1909, there was a decided tendency toward an increase in contract 
pricesreference to the Engineer’s estimates and in 1910 and 1911, the 
prices wefe materially higher than the estimates. ITiis decided tendency 
toward higher price's led to the decision to do some of the work by day 
labor in cases where the tenders were materially in excess of the Engineer’s 
estimate.” (1913 Upt., p. 42.) 

Work upon the hrst sewer to be built by day labor was begun in the 
summer sf 1910 after which time the Commission seriously considered 
doing by day labor any work covered by proposals which exceeded 
the engineer’s estimate by substantially more than 10 per cent. This 
policy apparently had an effect in reducing somewhat the prices bid. 

The current prices of labor increased considerably during the time 
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Table 30.—Enoineer’s Ebtiuates, Propobals and Cost or CoiiPLrnsD 
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Tabu: 30.—Enqineehs’ Estimates, Pboposals and Cost or Completed 
Contracts, Louisvili,®.—( Conlinucd ) 


Contract 

number 

Amount of 
loWOMt 
proposal 

Engineor's 
preliminary 
estimate of 
cost of work 
included in 

1 propoesi 

A mount 
paid ■' 
rotitraotor 

Engineer's 
preliminary 
estimate of 
total cost 

Total cost of 
completed 
sewer 

46 

78,011.(X) 

96.841. 20 I 

94,027.16 

93 , 021.39 

101,682.01 

46 

12,809.5i: 

11,217.2l| 

15,.602.22: 

14,548.18 

16,831.77 

47 

4,588.69, 

7,690 99 ; 

5 , 104 . 40 ! 

5,780.79 

5,619.77 

4S 

51,484.65: 

47,016 70, 

51,298.78 

58,772.23 

.57,940.96 

49 

43,965.45: 

37,711 00 ; 

43,525.36 

49,810.66 

.52,698.59 

SO 

20,071 88: 

22,189.29 

17,669.03 

23,511.23 

20,859.24 

61 

87,056.23 

94,682.36 

90,006.93 

101,731.00 

99,082.19 

52 

11,984.51; 

11,221 19: 

10,538,16: 

13,723.80: 

12,094.94 

.63 

144,5,67.75 

151,369.98 

135,0.69.87 

168,020.10; 

149,096.15 

54 

80,064 72 

80,980 68 

79,622 38 

92,616.72 

; 84,565.04 

55 

79,.604.80, 

76,695 36 

75,008.33 

91,392.50 

: 85,434.31 

66 

(44,062.61)! 

.60,2,69.94; 

41 , 204 , 29 ' 

(50,251.20) 

43,974.22 

67 

5,095.10 

5,850.40 

5,008 06 

6,001.91 

} 6,626.74 

58 

32,355 08! 

28,268 58 

32,280 80 

36,736.71 

35,850.56 

59 

30,113.40| 

28,227.67; 

32,146.57 

34,488.63 

j 35.955.76 

60 

34,226.22 

30,203 38 

-'4,568.73 

(.38,907.74) 

- 1,.347 69 

61 

.64,040 39 ! 

40,719.03 

56,076.66 

60,351.93 

61,763.05 

62 

102,643.37 

143,922.18' 

118,868.79 

124,951.31 

: 129,776.04 

63 

23,432.52 

! 21,029.20 

24,213.94 

26,692.05 

1 26,613.68 

64 

44,251 .(K) 

: 30,101.29; 

48,736.06 

; 49,846 71 

1 52,217 59 

65 

15,998 45 

14,693.25 

15,978,06 

18,275.90 

18,5.33.75 

66 

25„6.69 83 

18,438 66: 

27,633.17 

1 28,417.82 

; 30,170.46 

67 

29,2,69 80 

i 23,087.40| 

30,440.74 

: 32,838.35 

1 34,561.36 

68 

1 4,284.30 

! 4,886.56 

4,517.44 

1 5,041.72 

4,879.32 

69 

! 19,572 48 

' 15,073.16: 

22,788.53 

I 21,908.82 

27,328.02 

70 

: 9,865 79 

12,078 loi 

11,110.78 

11,737.89 

13,027.02 

72 

45,22.6 66 

; 40.807.15 

44,374.48 

j 51,550.67 

50,919.18 

73 

! 51,413.30 

'.1 

57,299.99 

1 66,094.82 

1 59,508.67 

74 

18,787.70 

15,183.1.6 

20,389.23 

21,141.09 

’ 22,069.02 

76 

1 21,337.00 

19,189.15, 

20,236.32 

1 24,311.32 

; 23,867.61 

77 

1 31,161.30 

31,048.14 

34,174.06 

35,973.76 

j 39,203.74 

78 

1 2,307.60 

3,779.70 

2,779.30 

2,893.45 

3,212.90 

79 

1 3,510.43 

5,765.86 

4,192.88 

4,404.15 

4,840.90 

80 

10,559.20 

10,836.95 

10,793,94 

12,238.92 

14,153.40 

81 

18,892.57 

16,986.94 

19,263.38 

21,525.54 

26,948.37 

83 

7,479.89 

6,763.48 

8,055.62 

8,.528.23 

9,111.29 

84 

29,.340.03 

27,243.00 

28,191.79 

33,562 69 

33,747.00 

86 

23,126 31 

23,498.52 

22,684.30 

26,768.58 

27,001.32 

86 

13,580.17 

16,716.77 

14,852.90 

16,171.27 

17,642.07 

ToUl 

l!t3,233,437 60 


$3,289,,330.89 $3,767,104.601$3,740,869.69 
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the Commismon was dcMng its work. 

The minimum price paid for «>mmon 
labor in 1907 and 1908 was $1.35 per 
day, while during the last three years 
it is doubtful if any material amount 
of labor was obtained for less than 
$1.75, and in many cases a rate as high 
as $2 per day was paid. It does not 
apixjar that the prices of materials 
varied as much as the price of labor, 
although there was a tendency toward 
an increase in price during the period 
covered by the work. 

A comparison of the cost of four 
s(iwers built by day labor with the 
amounts of the lowest proposals can 
be made from the data given in Tabhi 
31. These data np))ear to indicate 
that the Commissioners made a ma¬ 
terial saving by doing this work by di¬ 
rect labor. It should be remembered, 
however, that the proposals for this 
work were materially higher than the 
I'inginetw’s prcliminaiy estimates. It 
should not be inferred that there would 
have been a similar saving or, in fact, 
any economy had the Commissioners 
undertaken to do all of the work by 
direct labor. 

In Louisville, as in many other cities, 
there was some criticism, ))erha|)8 due 
in part to local pride, because the work 
was not awarded in all cases to local con¬ 
tractors. The Coramiasioners adopted 
the policy of advertising the contracts, 
which resulted in 445 biit from 72 con¬ 
tractors, only 26 of whom were resi¬ 
dents of Louisville. On every contract 
there were several bids, and in every 
instance either the award was made to 
the lowest bidder, or, if the lowest pro- 
I>osal was deemed by the Commissioners 
to be too high, the work was done by 
direct labor. The lowest local bith 
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upon 22 of the larger contracts aggregated over $575,000 more than 
the lowest bids, indicating what it would have cost the city to have 
awarded the contracts in all oases to local bidders. An analysis of the 
cost of the sewers built by contract is given in Table 33, from which 
can be ascertained the amounts paid to the contractor for extra work, 
the bonus for completing the work ahead of the contract time, and pay¬ 
ments on account of claims. This tabic also shows the amounts col¬ 
lected from the contractors as liquidated damages on account of delay 
in completing the work within the time 8|)ecified. 

An analysis of the co.st of building the Louisville sewers has been made 
by the authors, the data thus obtained being included in Tables 34 
and 35. In ])r((senting these data, an effort has been made to give to 
the reader some idea of the nature of the excavation encountered, the 
amount and character of pavement taken up and replaced and the 
quantity of rock excavated. The contracts provided for the payment 
for earth excavation at the price bid per linear foot of sewer constructed. 
These prices have been reduced to price per cubic yard of excavation, 
which in turn has been computed for an assumed trench included 
between verti<-al planes 0 in. on each side outside the extreme limits of 
re<|uircd nmsotiry .section. In studying the costs given in these tables, 
the reader should bear in mind that a verj’ large proportion of the 
sewers was built in material casdy excavated and that water, in 
amounts rcrpiirmg pumping, and quicksand were encountered in only 
ver>’ few instances. For information regarding methods of excavation 
and machinery used, reference may be had to Table 37. 

Upon these l^ouisville contracts, the linear foot price was paid, 
regardlo.ss of the presence of rock. The computation of the units in the 
last two columns of Table 34 was based on the entire cross-section of 
the trench. Where rock was encountered the prices given in Table 34 
were paid in addition to the linear-foot |)rice.s. Where no prices are 
given in the columns relating to Pavement, Concrete Hose and Rock, 
none of the work was done. In studying Table 35, it should be borne in 
mind that on nearly all of the Louisville work, the concrete was mixed 
in the proportions of one part of cement to seven parts of aggregate 
composed of sand and river gravel mixed in proportions directed on the 
work. The reinforcement was mild steel, plain or deformed bars, the 
latter being used in most cases. 

Cost of Excavation and Backfilling, Denver, Col. —In some localities 
in the middle and western portions of the country, the conditions in 
suburban alistricts are remarkably favorable to inexpensive excavation. 
The soil is of such a nature that comparatively little sheeting and brac¬ 
ing are required, there are few subsurface structures crossing the streets, 
and traffic conditions place little restriction upon the use of the streets 
by aewer builders. 
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Tasix 32,— Actcal C!ost to Contbactok or Excavation and 
BAC xrtLUNo, Denves, Codo. 

_(Ov«rh«Ad CWaw md ProBl »ra AMumod) 


Item 

Machine 

work 

I Rand 

I work 

6ub> 

fOOtTM't 

TotuI 

Linear feet., . . 

Cubic yards 

Depth cut. ft 

Widtli, ft 

6,5,902 

54,3t7 

8 9 

2 5 

10,005 

.5,591 

6 8 

2 0 

36,093 

26,080 

9 7 

2 0 

112.000 

86,017 

0,1 

2 29 


j C<'nta ]M>r 

Coni* prr 

Cout» p4*r 

i CeoU Iter 


ou yd 

cu yd 

1 cu yd. 

j cu. yd. 

Machine wiirking 

1 2 21 



Machine idle 

i 2 7H 

1 



Hand trenching 

I 79 

25 99 

26 62 

18 74 

Backfilling. 

3 62 

4 29 

4 07 

3 80 

Cleaning up.. . 

0 45 

0 r)4 

0 77 

(1 

Sheeting.... 

0 01 


0 03 

0 03 

(icneral serv'icc 

2 o;) 

5 60 

0 77 

1 89 

Equipment (labor exjKmsc" 

0 2(» 

0 71 

0 09 

0 23 

Material (labor exjM'nm*} 

0 32 

0 90 

0 12 

0 .10 

Mueinne (labor cxjiense) 

0 55 



Repairs. 

3 03 




Oil . 

0 32 




Coal. 

1 .84 




Equipment. 

0 13 

0 39 

0 .34 

0 22 

(icncral expense 

0 08 

0 21 

0 20 

0 12 

Team expense 

0 42 

0 63 

0 09 

0 16 

Machine expense . 

1 42 



Repairs upon mnchine after 





completion 

8 30 



5 20 

iSub-totnl. 

29 .59 ^ 

39 36 ‘ 

33 10 

31,24 

Overhead expenses, 10 per- 


1 


cent. 

2 96 

3 94 : 

3 31 

3 12 

Sub-total 

32 .55 

43 30 

.36 41 

34 .36 

Profit, 1 a 5 j>er cent 

4 KH 

6 50 

5 46 

5 IS 

Grand total. 

37 43 

49.80 i 

41 87 

.39 51 


Note - Maohin-! comtantly eiuployod for about 8 month*. Averaxo rate 
of progre** of raai-hine, 321) ft. per day; maximum, about lOtX) ft. per 
day, followed by 3-i/2 da 3 's out of commiasion for repairs. 


Data furnished through the courtesy of James Collier, of the National 
Concrete Construction Co., upon the actual cost to the company ot 
earthwork incident to the construction of 112,000 ft. of S-in. sewer in 
^ver, illustrate the low coot of such work done under favorable con¬ 
ditions and the advantage of the use of excavating machines of the dig- 
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ging type. The contract with the city covered the building of a sani¬ 
tary sewer in sub-district 8. Construction covered 10 months, beginning 
with the fall of 1908. The material excavated was all dry, hard clay; 
no sheeting was required. Labor cost $2 per day of 9 hours, or 22-1 /2 
cents per hour. A part of the work was done with the aid of a 28-in. by 
12-ft. Buckeye traction digger costing $8000 at Findlay, Ohio, plus 
freight and expenses of $2000. Another portion was done by hand, while 
a third portion was sublet. The quantities and unit costs of work done 
in these three ways, and the totals, are given in Table ,32. To the 
actual costs should be add(sl overhead expenses, here estimated at 10 
per cent, and a reasonable profit, which, for the sake of arriving at a total, 
has been assiinied at 15 per cent. 
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Table 34.—Cost of Eabth a.vd Rook Excavation at Locisville, Kt., 1907-1912.— (Continued) 
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Table 34. —Cost of Earth and Rock Exovation at Locistille, Kt., 1907-1912. — (Continued) 
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Table 34 —Cost or Earth and Rock Excavation- at LonsviLLE. Ky., 1907-1912.— ( Conlinued ) 
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Tabi-b 34 .— Cost of Earth and Rik-k Expavatiov at LorisviLLE, Ky., 1907 - 1912 . — {Continued ) 
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CHAPTER VIII 


RATE OF PROGRESS IN BUILDING SEWERS 

Upon the rates of progress of excavation, placing masonrj’ and pipe 
laying depend largely the amount of overhead and supervisory expense, 
interest on working capital, rentals of machinery and often the amount 
of profit or loss upon the contract. Many times, the cost of pump¬ 
ing is nearly proportionate to the length of time the work is being 
prosecuted. The amount of inconvenience to the public may also 
be about directly proportionate to the same period. In drawing 
contracts, it is important for the engineer to form an accurate judg¬ 
ment as to the rate of progress which can be attained, that the date 
of completing the work may be so fixed as to provide a reasonable 
length of time, thus making it unnecessary to collect liquidated damages 
for delay and to prevent an unreasonably high charge on account of 
bonus for completion ahead of the contract date. It is equally impor¬ 
tant for the contractor to form an accurate opinion of the rate of prog¬ 
ress which he can make, in order that he may make an intelligent 
estimate of the cost of the work and a proposal which shall be low and at 
the same time provide a reasonable profit. 

While it is not possible to give the reader detailed information as to 
conditions existing in Louisville, it may be helpful to him to know what 
rates of progress were attained in the building of a number of sewers. 
Accordingly, such data as are capable of presentation within a reasonable 
space have been compiled in Table 37, page 201. 

In these computations the numlier of working days has been calculated 
by subtracting the Sundays from the total number of calendar days from 
the date of breaking the ground to the date of completion of excavation 
to grade, and does not include the time consumed in assembling the 
plant and backfilling, cleaning up and repaving after excavation was 
completed. The quantity of excavation has been arbitrarily assumed 
as that included between planes 6 in. on each side outside the extreme 
limits of the required masonry section. The time needed for placing 
the concrete was reckoned from the date of placing the first masonry 
to that of placing the last, and although the quantity of concrete per 
linear foot given in the table is that required for the sewer barrel, ac¬ 
cording to the cross-section shown on the plans, the quantity of masonry 
placed, per day, is computed from the quantity of concrete paid for, 
including that in manholes and other additional quantities. 
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The importance of providing machinery best adapted to the work is 
well illustrated by the progress in excavation made under Contract 2. 
This work was prosecuted at two openings, the physical conditions 
Ijeing about the same at both, except that Section a was about 5 ft. 
deeper than Section b. The machinery, however, was quite different. 
The cableway used on Section o was very heavy and did not prove as 
well adapted to the work as the .stiff-legged derricks ased on Section b. 
The quantity of excavation on Section h was cu. yd. per day where¬ 
as on Section a it was ISO c\i. yd., the rate of jwogress being 10 ft. and 
6.9 ft. per day. respectively. 

James Collier, the g(meral superintendent of the National Con¬ 
struction Co., gives the following information concerning the work done 
by a Huckeye trenching machine in Denver, Colo. In n section where 
the average cut was about S-1 2 ft. and the soil was a sandy loam 
recpiiring no bracing, the record was this; 


Trench, linear fee( 

ft. 

Distance cut by machine, ft 

17,474 ft 

Time machine in operalnm, hours 

2r)d 27) = 52 per cent. 

Time machme idle, shiftinK, hours 

40 (M) = 0 per cent. 

Time machme idle, repairs, hours 

27 25 “ 0 jwr cent. 

Tune machine idle, other causi*s. hours 

150 50 = 33percent. 

Total working hours.. 

4S(V 00 - 100percent. 

Ave hn. ft cut imt hr worketl 

00 00 

Ave. lin. ft out per »lay for total uorkinj; days 

m 00 


'rile following figurc-j are given for a section wliere the average cut was 
from 6 to S ft. and the soil was a hard clay: 


Distance cut by machine, ft. .S,S19 

Time machine in o|«'rntion, hours 9.5 50 

Tune machme idle, shifling, hours 17 .50 

Time machine idle, mpairs, hours 71.2.5 

Tune machine idle, other causes, lioiirs 80 75 

Total working hours.. 271 (XI 

Ave. lin. ft. cut jier w'orking hour 92 3 

.4vc. lin ft. cut per day for total working days. 353 IX} 


35 per cent 
7 per cent. 
20 per cent. 
32 per rent. 
1(X) per cent. 


Tunnels.—As all work within a tunnel must be done by artificial 
light, it can lie prosecuted as well by night as by day. On this account, 
it is customary to employ two or even three shifts ujsjn such work, thus 
greatly increasing the rate of progress. Upon relatively snutU tunnels, 
those under 8 ft. in diameter, a rate of progress of driving of from 3 to 
10 ft. per shift may be attained in a single heading, the average for such 
work being ptirhaps 5 ft. If two shifts fier day are employed the ex¬ 
cavation may occupy one and the placing of masonry the other so that 
the net progress jicr shift will be one-half that of driving the tunnel, or 
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nay 5 ft. per day on the average. The information relating to rate of 
progrexa in tunneling in different materials which is given in Table 36 
has been obtained from many sources. An inspection of the table will 
show that the cost as well as rate of progress depends on so many condi¬ 
tions that even an experienced engineer will be reluctant to claim close 
accuracy for his estimates of what a tunnel in some materials or under 
some working conditions will cost. In such cases, the practice of the 
best engineers is to make their figures decidedly liberal, and then hope 
the actual costs will not overrun them. 



Tabu: 37 _Rate of Progress of Consthcction by Contract of Masonry and Pipe Sewers in Louisville, Kt., 

1007-1912 
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CHAPTER IX 


THE SHEETING AND BRACING OF TRENCHES AND TUNNELS 

The shoring of trendies eonsists of placing braces across them to hold 
their banks in nonnal position, and often involves sheathing the banks 
with plank, commonly called “sheeting,” held in place by longitudinal 
timbers called “rangers” and by cross-braces. 

The most common types of such work arc vertical sheeting, horizontal 
or box sheeting, poling boards, stay-bracing and skeleton sheeting, which 
arc defined on pages 2Ui, 232, 236 and 237. 

The method of shoring trenches is usually left to the judgment of a 
foreman in charge of the work. In many c,xses it is inadequately done, 
which results in delay, iinneceasary expense and damage. The subject 
is here treated from both the theoretical and practical points of view, 
and a numlier of illustrations are given, from trenches actually con¬ 
structed, to show the best methods adopted in practice and some of the 
results of lack of care in placing the sheeting and shoring. 

Necessity for Shoring Trenches.—Trenches may be excavated in 
most materials to a depth of 3 to 6 ft. without much danger of the 
banks caving. Sometimes in certain materials, such as liardpan, 
excavations may lx‘ made to great depths, 12 to 20 ft., without much 
danger of accident. Usually, however, it is necessary to shore the 
banks of trenches thoroughly for the protection of the workmen and to 
make progress possible. .As sewers are generally built in streets where 
water and gas pi[H*i and other underground structures have already been 
laid, and somctinies in pavisl streets in which there are car tracks and 
where high structures follow the building lines without break, it is 
necessary to prevent the caving of the banks and the settlement of the 
adjacent ground, because of the danger to these structures. 

Many practical sewer builders often take chances on this part of the 
work, to reduce cost, trusting that they will not meet with loss of life or 
property. Many unfortunate examples have proved this a short¬ 
sighted policy. In one instance, a contractor, because he had them in 
stock, used 6 X 6 in. timbers for shoring a deep and treacherous trench 
rather than lo to the expense of purchasing the larger timbers which 
were needecTfor this particular work. As a result, the timbers gave 
way during a hea\y rain, the banks slumped enough to cause a break in 
an adjacent water-main, and the whole accident resulted in a loss of 
several hundred dollars more than the extra cost of shoring the trench 
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with heavier timbers would have been. Accidents such as this, however, 
are much more often due to the improper handling of the work than to 
the selection of improper methods and too light timbering, as, for 
instance, in another case in which carelessness in holding the banks 
resulted in slight settlement which caused the breaking of a water-main a 
few feet back of the sheeting. This accident resulted in the unnecessary 
loss of about $5000 and several weeks’ delay to the work. 

It is well to have a trench so timlrered and protected as to be safe 
at all times and to anticii)ato storms wliich may cut away the hanks and 
caiLso damage unless the shoring is in good condition. For this reason 
it is well to place a low bank of earth along the side and across the ends 
of the trench, to prevent surface water from flowing into the trench and 
cutting away the earth behind the sheeting. This does not involve 
much expense and may result in avoiding serious lo.sa. 

The exercise of good judgment, acquired by ample experience, is 
required to determine when shoring is needed and what method should 
be adopted. There are no rules by which the inexperienced can de¬ 
termine the depth to which a trench can be excavated without the use of 
sheeting, or before sheeting .should bo put in place. It is not unusual to 
lind uneducated superintendents and foremen with many years of 
practical experience, who are capable of rendering judgment upon these 
subjects superior to that of the educated engineer. 

TYPES OF SHEETING AND BRACING 

Vertical Sheeting.— Vertical sheeting, although usually more expen¬ 
sive where other methods can be adopted with equal safety, is the type 
most commoidy used on sewer work and particularly on deep and 
difficult work, and in trenches in dry running sands, gravels, and quick¬ 
sand. Where trenches are excavated in improved 8trc(!ts under condi¬ 
tions making it important to prevent settlement on account of danger to 
pipes and other underground structures, pavements, and abutting 
buildings, it is often unwise to attempt to use the other and generally less 
expensive methods of shoring. . , / 

It is desirable to excavate the trench as deep as possible (usually 3 
to 6 ft.) without endangering the bunks before placing the sheeting. 
When the trench is excavated to this depth the first set of rangers (which 
should usually be about 1 ft. below the surface of the ground) and if 
possible the second set are put in position against planks placed vertically 
against the properly trimmed banks at each end and in the center of 
each ranger. The end planks should be so placed as to come flush with 
the ends of the rangers. Having placed the rangers in position and 
supported them temporarily, the braces are driven, or the jacks made 
up, so as to hold the two opposite rangers in their proper position. 
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Braces should be cut so as to require reasonably hard driving and to set 
the planks back slightly into the bank, as otherwise there will be danger 
of the braces becoming loose and ineffective. The banks should then be 
trimmed plumb and to a line, which will require the rest of the sheeting 
to be driven lightly, to get it down between the banks and the rangers to 
the bottom of the excavation thus far made. Some practical sewer 
builders maintain that it is better to hold the top and second sets of 
rangers temporarily in place until all the sheeting planks have been 
placed behind them against the bank, and then drive the braces or make 
up the jacks, thus securing a somewhat tighter hold on the banks 
than where the planks are slipped in behind the rangers after the latter 
have boon finally braced. The former method will generally prove 
more convenient and will give equally good results if care is taken to so 
trim the banks that each plank will have a driving fit. 

The second set of rangers should be placed as soon as the first set has 
been secured in position, or better, if conditions will warrant, at the 
same time that the first set is placed. The vertical distance between the 
several sets of rangers will deiiend to some extent upon the local condi¬ 
tions and the character of material, but generally, upon work of moder¬ 
ate size, they should be spaced about 4 ft. on centers. The rangers 
should be directly over one another, thus allowing the sheeting to bo 
driven plumb. After the rangers are securely braced, lap blocks or 
cleats made of 2-in. lumber the width of the braces and about 18 in. in 
length, should be placed on top of and across the joints between the 
ends of the braces and the rangers and .securely nailed to the braces to 
prevent them from falling if they become loosened. In some cases it 
may be convenient to attach the cleats to the braces before the latter are 
driven, thus supporting them while they are being placed between the 
rangers and driven into their final position. The rangers should gener¬ 
ally bo placed level, although in side-hill work where the excavation is 
light and retiuiros the use of only one or two sets of rangers, it may be 
advantageous to place them parallel to the surface of the street. This 
should never be done upon deep excavations or where the trenches are in 
treacherous material. 

Rangers will vary in length according to the character of the work 
being done and particularly the class of machinery used upon the 
excavation. Common practice, especially in the eastern part of the 
country, is to make the rangers 16 ft. long, thus fixing the spacing of the 
braces at a trifle less than 8 ft. on centers, which allows for the con¬ 
venient use,pf certain types of trench machines. Upon heavy work it 
may be advisable to use somewhat longer rangers, thus giving more 
room IjetTveen braws for the operation of excavating machinery. 

It will generally l>c found advisable to use three braces upon each set of 
rangers, one at the center and one at each end, although some practical 
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sewer builders use but a single brace to hold the ends of two abutting 
sets of rangers, a 2-m. block being used at the end of the brace to cover 
the joint between the two rangers. By the former method each section of 
trench will act independently of the adjacent sections, whereas if the 
end braces engage upon the abutting sets of rangers, a slipping of one act 
is likely to affect the next set. Where two braces arc used at the joints 
between rangers, some saving in lumber may be effected by making them 
of somewhat thinner stock than the center braces, as for example, by 
using 4 X 6-in. braces at the ends and 6 X 6-in. braces in the center. 

After the sheeting has been placed in a section and tapped down to 
the bottom of the excavation, the driving is commenced. One man, 
sometimes called the “plank lower,” should always be stationed in the 
trench to dig out for and guide each plank as it is being driven. He 
casts the dirt to the center of the trench and where the material is such 
as to permit, digs slightly in advance of the plank. After the plank has 
been driven as far as possible (usually in good digging almut 2 ft. below 
the normal depth of the trench before driving began) it is loft and the 
next one is treated in a similar manner. 

As at the beginning of the driving the sheeting u-sually stands several 
feet above the ground, platforms constructed of planks loosely laid upon 
wooden horses are provided at a suitable height upon wliich the plank 
drivers may stand and work to advantage. These horses may be con¬ 
veniently made about 6 ft. high with horizontal cleats about 18 in. apart, 
so that the platform may be lowered from cleat to cleat as the planks are 
driven. 

In relatively narrow trenches, as those from 3 to 8 ft. in width, it will 
often be found advantageous to alternate the excavation and the 
placing and driving of the sheeting between contiguous sections of the 
trench, as the room in the trench in which the two classes of workmen 
must carry on their labors is somewhat r(«tricted. This method of 
procedure involves the excavating of two sections of trench at the same 
time, thus lengthening the work, which in some cases may Im im¬ 
practicable. On the other hand it often happens, es[)ecially in trenches 
in loose gravel and running sand, that it is necessary to drive planks short 
distances as the excavation progresses, in wliich case the driving must lie 
done in connection with the excavation. 

The position of the bottom of the sheeting relative to the excavation 
depends largely upon the character of the material being excavated. If 
the trench is in hardpan or alluvium, the excavation can often be 
carried considerably below the sheeting without endangering the stabil¬ 
ity of the banks. In sand and gravel it is necessary to drive the sheet¬ 
ing down at least as low as the bottom of the trench, and in msny 
cases several inches below. In such cases it is always well to have the 
“plank lower” dig the earth away from the ends of the planks as they 
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are driven, thm making it iwsaible to keep the sheeting at all times 8om«^ 
what below the general elevation of the bottom of the trench In 
fairly wide trenches, where such material is fairly stable, it may be 
po^ible to carry the excavation in the central part of the trench from 1 
to 2 ft. below the sheeting, care being taken not to dig too close to the 



kKi. M Isometric sketch of typical trench sheeting. 


‘he earth 

y rom tllte planks as they are being driven. 

illustral!rh“’T?®‘'‘a^ of shoring by means of vertical sheeting, is 

companion drawings of a 
trench earned to such depth as to require three sets of vertical 
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sheeting. The rangers are 16 ft. in length and 6 X 6 in. in oross^on, 
the end braces being 4 X 6 in. and the center braces 6 X 6 in. (see 
drawing). The first or top set of sheeting is 12 ft. in length, the 
second 16 ft., and the third as required. The braces are shown cieated, 
which is good practice upon work of this kind. Staging platforms are 
shown extending half way and all the way across the trench, as both 
methods are commonly used. These platforms are supported by the 
braces or timbers laid across the trench on the rangers. 

The most common practice is to use sheeting planks sharpened with 
“chisel” edges, placed with the beveled side toward the inside of the 



Fio. 57 —^^rypical trench sheeting. 

trench as shown at A. In some cases, especially in difficult work where 
it is necessary to drive the .sheeting long distances ahead of the excava¬ 
tion, the planks arc beveled in two directions, as shown at B, the ob- 
jeot being that the planks shall drive straight and that they shall tend 
to hold tightly against the planks previously driven. 

Figs. 56 and 57 are conventional representations of a sheeted 
trench. In practice the rangers are rarely spaced with exactness or 
the planks driven to a uniform depth. In many cases lighter rangers 
are used, as 4 X 6-ia. timbers, and occasionally where the excavation is 
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not to i)o deep, 2-in. planks are used for rangers. Upon extensive work, 
however, whore the depth of excavation will exceed 10 ft. or where the 
material to lx; excavated is such as to make it necessary to shore the 
banks securely, it is wise to use rangers at least as heavy as 4 X 6-in. 
timbers, and heavier stock as may appear to be necessary from the local 
conditions encountered. 

As the upper portion of the trench, supported by the first set of 
sheeting, is the widest, it is wise to make the first set of sheeting the 
shorti>st, thus effecting a saving in excavation. Furthermore, the use 
of relatively short sheeting for the first section avoids the necessity of 
using horses to any great extent, in connection with the driving of the 
planks. Stages can be placed upon the rangers in the trench, from 
which the second and third sets of sheeting can be conveniently driven, 
even though they arc relatively long. An additional advantage in using 
longer shi^eting in the second and third sets is that by the use of 
guard rails, planks spiked to the braces, the individual planks can 
be held fairly rigid, so that they do not spring when hit with the driving 
maul as is the case when the sheeting used for the first set projects a long 
distance above the ground. 

In many cases the length of sheeting adopted for the several sets will 
b(\ governed by the stock of lumber on hand when the work is begun. 
If, however, new lumlier is to Ixs purchased the dimensions should be 
specifiisl with a view to its use, and care should be taken to purchase 
only those sizes which, by avoiding waste, will be economical. While 
very long sheeting is sometimes used, it is common practice to limit 
the Ictigths e\en of the longer sets to 16-ft. plank. Braces should 
ordinarily be of the same depth as the rangers. 

The use of a short upper set and a longer lower set of sheeting is 
illustrated by Fig. 59, which shows a trench about 20 ft. in deptli, 
shortni by two sets of vertical sheeting. The material excavated was a 
tight lUluvium easily held in place, which accounts for its being possible 
to drive the lower set of sheeting so far Mow the lowest set of rangers, 
without maWrially endangering the stability of the banks. The rangers 
and braces used upon this work were unnecessarily heavy, but were 
utilized because they were on hand. Had new timbers been purchased 
it is not likely that they would have exceeded 6 X 6 in. in dimensions. 
The sheeting was 2 in. in thickness. 

Starting Additional Sets of Sheeting. —After the first set of sheeting 
has been driven to the full depth to which it is mtended to extend, guard 
rails made of 2 X 6-in. planks are spiked to the lowest set of braces at a 
distance frodf the rangers approximately equivalent to the thickness of 
the sheeting. The second set of sheeting is then passed through the 
space between the guard rail and the adjacent ranger and placed in its 
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proper poaition ready for driving. If the sheeting is long, say more 
than 10 ft., it may be well to place a second guard rail on the ^ond sot of 



braces above the first guard rail. This wiU hold the upper ends of the 
pUnlf. rigidly and prevent their springing, so that they will be more 


Fio# 68.—A method of shoring ordinary narrow sewer trenches. 
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readily driven than if held simply by the guard rail near the bottom. 
Additional sets of sheeting should be started m the same manner. 

It is not possible to place and drive planks in a second set of sheeting 
immediately under the braces of the first set. Therefore, as the excava¬ 
tion is carried down, a space equivalent to the width of the braces above 
will bo left unshored. This space, sometimes called a “window,” is 
frequently closed by placing short horizontal planks behind the adjacent 
vertical planks. In cases where the material is likely to run, if exposed 
for a short vertical distance, notched planks are used. These "notches " 
are usually made of 12-in. planks by cutting out about 6 in. from the 
upper end of the plank, leaving the lower portion, about 4 ft. in length, 
the full width of 12 in. These notehes are plaeed under the braces and 
are driven like the other planks. As they are driven a “ window " oiwns 
below the braces which must be closed from time to time with horizontal 
planks set in behind the notehes or vertical poling Imards fastenwl to 
them. Notched planks must be both “rights" and "lefts” so they may 
be fitted under the double braces from both sides. 

Scheme of Shoring and Quantity of Lumber Osed upon Light Trench 
Work.—A system of shoring narrow trenches, from S to 24 ft. in depth, is 
illustrated by Fig. 5H. Tlus system has Iteen used upon a largo amount 
of relatively small sewer construction. If the banks are extremely heavy 
or if the trenches are of greater width it may be necessary to increase the 
sizes of the rangers and braces. In this system the rang.-rs are assumed 
to be 16 ft. in length and arc held in place by three braces, one at each 
end and one in the middle of each pair of rangers. 

In tliis sketch the rangers have been i>laccd 4 ft. on centers vertically, 
except the lower rangers of the up|wr set and the upper rangers of the 
lower set, which are 2 ft. 3 in. on centers. The sheeting is shown driven 
to within 1 ft. of the bottom of the trench. ^ . e 

The quantity of lumber required for the sheeting and brae.ing of 
trenches from H to 24 ft. in depth, by the system illustrated by Fig. 58, 
is given in Table 38, which also gives the nmiilsir of braces and rangers 
required, and is based upon the use of sheeting 2 in. in thickness. A bill 
of material for such trenches is given in the four parts of Table 39. 

Destruction and Loss of Lumber.-Tho life of sheeting depeneb 
upon the quality of lumber used and the care with which it is liandlod. 
It is possible to destroy the Ircst quality of sheeting planks by a single 
use where the driving is fairly hard, if plank caps and reasonable care SM 
not employed to protect the ends. Where care is used to protect the 
ends of the planks, the quality of the wood is good, and the driving 
is not excessively hard, sheeting may be used a large number of tunes. 
Upon light work, sheeting may sometimes lie used from 10 to IS tunes 
and on more difficult work requiring hard driving, it may not be possible 
to use it more than 2 or 3 times. 
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Upon contrant work, unless the contractor is reasonably sure of 
seeuring additional contracts, it is ijrobable tliat the entire cost of the 
sheeting will be charged to the contra<d upon which it is first used. On 
the other hand, where work is lone by a municipal department by day 
labor, if reasonable care is taken to avoid damaging the planks, they 
may be used over and over, and only a portion of the cost of the lumber 
cliarged to the first pi(«’c of work. In all cases, however, there is a 
considerable shrinkage of lumber and the cost of resharpening and 
trimming the old lumber is substanlial. 

Another cause of shrinkage in lumber is theft, which, in some com¬ 
munities, is a serious matter- In such places, if there is a consider¬ 
able stock of lunduu on hand it may be economy to employ a watch¬ 
man primarily for the purimse of conserving it. 

Taking into consideration all t lie causes of shrinkage of lumber and the 
various classes of work ujion which it is used, it may not be very far from 
correct, on the average, to allow for a shrinkage of 20 per cent, of the 
supply neceasary for shoring the trench upon a single piece of work 
3000 ft. in length. 

Itangers and braces may be u.sed as a rule for a much longer period 
than the sheeting, although upon very heavy work the effect of excessive 
pressure and of driving may make it impracticable to use them on the 
average more than 5 or 0 times; but on light work where the pressures 
are not excessive and the driving is relatively easy, they may be used 

Table 39a.—Nvmbku ani> Lksotii or Planks Kkuiuhku rou Shektino 
A Tkench iSi !■>, Lono 


tJepthof i I-oiiKlh ot W-ultl. o( in 

trtmrh, !* ** ’ plitnlfi, I I 10 I » I 8 | 7 I 0 

. Bhwiinit , ‘ , ->— — - -' 

” I ” NunilM-r NuujImt Niiiubpr Number NunilM*r 


K 

First 

h) 

IH) ' 

11.I 

12s 

144 

184 

192 

12 

First 

12 

1112 

230 

2.38 

2.88 

329 

.384 

18 

First 

18 

192 

2.30 

25t> 

2SS 

329 

;!84 

10 

First 

18 

' 1«) 

11.') 

128 

144 

164 

192 


Second i 

20 

98 

11,3 

12s 

144 

164 

192 

18 

First j 

18 

98 

113 

\2H 

144 

164 

192 


Second i 

i 12 

192 

2:«) 

2.50 

28H 

329 

384 

20 

First 

i U\ 

90 

115 

128 

144 

104 

192 


Second 

14 

192 

2:«) 

2.38 

288 

329 

384 

22 

First 

i 12 

192 

2:io 

2,38 

288 

329 

384 


Second 

12 

192 

2:10 

2.38 

2H8 

329 

384 

24 

First 

i 12 

192 

2.30 

258 

2H8 

329 

384 


Second 

14 

192 

1 230 

2,36 ! 

288 

329 

384 


NoU.—ln omcriiig shwling, especially where a aecontl set will be re- 
quired» a supply of aiworied siies should Im' provided to assist in fitting 
sheeting to pipes or braces crossing trench. Fur single sheeting about 5% 
and for two seta about 20% of number of planks should be assorted siies. 
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Table 39 b.—Number of 16-Ft. Rangers Required for Shorimo a 
Trench 96 Ft. Long 


Width of trench at 
bottom, (outAide 
of 2*iD. shoctins), ft. 

Sue of rangers, 
in. 

De 

With one set 
of sheeting 

8 { 12 I 11? 

[>th of tienoh, ft. 

With two Mtt of sheeting 

16 1 18 1 20 1 22 1 24 

3 

4X6 

24 

.36 

48 

48 

00 

60 

72 

72 

4 

4X6 

24 

36 

48 

48 

00 

60 

72 

72 

4 

6X6 

24 

36 

48 

48 

00 

00 

72 

72 

5 

0X6 

24 

3f> 

4S 

48 

(M) 

60 

72 

72 

0 

0X6 

24 

36 

48 

48 

(K) 

60 

72 

72 

7 

6X6 

24 

36 

48 

48 

60 

60 

72 

72 

8 

6X6 

24 

36 

48 

48 

00 

60 

72 

72 

9 

6X6 

24 

36 

48 

48 

00 

60 

72 

72 

10 

8X8 

24 

.30 

48 

48 

00 

60 

72 

72 

11 

8X8 

24 

36 

48 

48 

60 

60 

72 

72 

12 

8X8 

24 1 36 

48 

48 

6(1 

00 

72 

72 


Table 39 c.—Number or Pieces and Length or Timber Required for 
Bracing a Trench 96 Ft. Long, with .Single Set of Sheeting 


(.Stock timber luisiimetl to !)C 12, M, 16, 18 and 20 ft. lonn) 


Width of 





Dentil of t tench 



tronrh at 




—— 


— 

- - -- 

- - 

bottom, 
(outside of 

rangers, 

brari's. 

8 It 

12 

ft 

10 ft. 

2-in 

m 


Number 

bength. 


Ix'ngth, 

Nurnlrer 

Length, 

sheeting), ft 



ft. 


ft 



3 

4X6 

4X6 

0 

12 

9 

12 



4 

4X6 

4X6 

9 

12 

9 

18 



4 

0X0 

4X6 

4 

10 

6 

10 

8 

16 



6X6 

2 

16 

3 

16 

4 

16 

5 

0X0 

4X6 

8 

12 

12 

12 

16 

12 



6X6 

4 

12 

0 

12 

8 

12 

6 

0X6 

4X6 

8 

14 

12 

14 

16 

14 



0X0 

4 

14 

6 

14 

8 

14 

7 

6X6 

4X6 

12 

12 

18 

12 

24 

12 



6X6 

6 

12 

9 

12 

12 

12 

8 

6X6 

4X6 

8 

20 

12 

20 

16 

20 



6X6 

4 

20 

0 

20 


20 

9 

0X6 

4X6 

12 

10 

18 

10 

24 

16 



6X6 

G 

16 

0 

16 

12 

16 

10 

8X8 

6X8 

12 

18 

18 

18 

24 

18 



8X8 

6 

18 

9 

18 

12 

18 

11 

8X8 

6X8 

12 

20 

18 

20 

24 

20 



SXH 

0 

20 

9 

•M) 

12 

20 

12 

8X8 

6X8 

24 

12 

30 

12 

48 

12 



8X8 

12 

12 

18 

12 

24 

12 
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from 15 to 20 times with very little waste. On the other hand, the 
varying widths of trench in any piece of work may seriously limit 
otherwise possible repeated use of the braces. For this reason, screw 
jacks may prove less expensive. 

Instances of Trench Shoring from Practice.—The following illustra* 
tions of shored trenches. Figs. 59 to 74 inclusive, were prepared from 
measurements of actual trenches excavated upon sewerage work in 
LouLsville, Ky. The Louisville sewers constructed under the direction 
of J. B. F. Breed, as Chief Engineer, and one of the writers as 
Consulting Engineer, arc illustrative of recent practice in tins class of 
construction. The diagrams were prepared under the immediate direo- 



Fig. 59.—Vertical sheeting for Fio. 00 -Vertical sheeting for 

5-ft. sewer. 6-i-ft, sewer. 

tion of Frank C. Williams, Resident Engineer, who has also furnished 
other data contained in this chapter, and Howard S. Morse and Har¬ 
rison P. Wires, Resident Engineers upon this work. It is important to 
note that very little ground water was encountered in most of this 
work, even in the deepest trenches. 

In Fig. 60 is shown the timbering used to support the banks of a 
trench excavated in alluvium, which was so stable that the planks could 
be driven safely without bracing to a depth of 4 ft. below the bottom 
rangers. The braces were all 6 X 6 in. This illustration shows two 
things to be avoided; 6rst the weakness in the trench shoring between the 
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second and third rangers, and second, the use of braces of less depth 
than the rangers. Wliilc under the conditions encountered on this 
work, the shoring shown proved satisfactorj’, it is usually wise to place 
the low(-st rangers on the first set of sh(!eting fairly close to the bot- 



Fin. 01.—Treni'ti in wet elay witli snnd 
jMjekels. 


tom of the sheeting, 
allowing the latter to pro¬ 
ject from 0 to 12 in., and 
to keep the first rangers 
on the lower set of sheet¬ 
ing within 6 to 12 in. of 
the top of the planks, for 
the reason that whore the 
banks are heavy there is a 
tendency for the sheeting 
to give, way between these 
two sets of rangers. This 
trench was over 18 ft. in 
depth. 

The shoring of a trench 
about 150 ft. in depth in 
wet, running, sandy clay, 
i.s shown in Figs. 01 and 
02. The banks of this 
trencli were of such a 
natun^ that the pressure 
exerted ujmui the timber¬ 
ing was unusually great, 
yet no distress was noted. 

The bracing used to 
.support one of tln^ heavier 
trenches, in wliich a sower 
14 ft. by 13 ft. 8 in. was 
constructed, Ls shown ie 
Fig. 03. Three sets ol 
sheeting were used, 12 
ft., 10 ft. and 10 ft. in 
length respectively. The 
top ranger was 8X8 in., 
and the rangers irelow it 
on the first and second 


sets of shedting were 8 X 10 in. .411 of the rangers used upon the 
third or bottom set of sheeting were of 10 X 10-in. timbers. The 


braces wore of the same dimensions as the curresponding rangers, and 
each brace was equipped with a jack at one end, the braces being placed 











SHEETim AND BRACING OF TRENCHES 


229 


against the rangers on one side of the trench and held in position by 
cleats, until the other ends were jacked against the oppo^te rangers. 

This was a very heavy trench, the upper portion of it being in light 
alluvium and the lower portion in moist fine sand. The banks exerted 
groat pressure upon the timbering and some settlement resulted. 
Uimn a portion of the work all sheeting, rangers and braces were left 



Fio. 62 —View of trench shown also in Fig. 61. 

in place after the work was completed, as it was feared that there would 
be considerable settlement of the adjacent street and possibly of 
buildings, if the t.imlier was removed. 

Some of the difficulties cnoountered upon heavy work are illustrated 
by Fig. 64. The upper S ft. of this trench was in yellow clay or 
alluvium, below which it was in medium fine sand and fine gravel. 
No ground water was encountered. 
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There was eonsiderahle settlement of the banks at the point repre¬ 
sented by this sketch, and it was neeessary to iiLsert an extra ranger with 
braces, as shown at A. Difficulties of this kind arc frequently en- 
eountered because of lack of eiu’e in bracing the trench as excavation 
progresses, and lack of a s\ifficicnt number of rangers. It also seems 
probable that tighter bracing can be secured by the use of wedges than 
liy the jack screws som<‘limes used. The rangers and braces upon this 
work were originally jdaced h'vel. 



Fill. c;i.—Treni h for sewer 13 ft. Pin. 64 —Trench for sewer 14 ft. 
8 in by 14 ft. 6 in. by 13 ft. 3 in. 


In Fig. (ij are shown conditions similar to those illustrated in 
Fig. 04. 

Fig. 60 is a sketch of the cross-section of a trench in which a 12-ft. 
semi-elliptical sewer was constructed. It will be noticed that the three 
braces supporting the lowest set of sheeting came in the way of the 
concrete. The concrete of this sewer was plsceil in two ojierations, the 
invert and liench walls to a height just lielow the lowe.st brace being 
floured in one operation, and the arch above the bench walls in the 
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sooond operation. After the concrete of the invert and bench walls had 
been poured and Iwome thoroughly set, the htst two sets of rangers and 
braces were reinovtsl and the c<»ncrete of the arch w'aa then jwuretl. The 
upper braw of the lowest .set of sheeting was driven up enough to 
permit the completion of the arch without removing this braee. The 
2-in. block.s shown at the ends of the brae(*s were nsiuired inTause the 
braces were too short-. 1 his is an ex|Hsiient ofU'n ado|>t(sl when brace*, 
are short, and is not particularly objecticntablc, although it is preferable 



Fiii. 0.5 —Klicetjiig for sewer l.'i I'm. 00 —.'<liccting for sewer 12 
ft. 3 in. by 12 ft. i 1 ill ft by 12 ft 


that the brines bo of such a length as to avoid the use of blocks other 
than wedges. 

\ .sketch of the cross-seition of a trench in which a 12 X 12-ft. 
semi-elliptical concrete sewer was con.structeil is shown in Fig. 67. 
There was considerable settlement of the banks and sheciting. To 
avoid the slipping of the rangers and braces they were tied together by 
cleats, as shown. The up|)er 10 ft. of tliis trench was in alluvium, trolow 
which it was in sand and gravel. Jack screws were not usi-d upon this 
bracing, the stmts iM'ing cut long enough to require hard driving. 
Better results might [Kissibly tiave liecii obtained by wisiging the braces. 

In Fig. 68 is shown the cross-section of a trench in which a 12 X 12-ft. 
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somi-elliptical concrete sewer was constructed. This sketch shows the 
position of the Carson trench macliine used for hoisting the excavated 
material from the trench. This machine was carried on tracks laid on 
10 X 10-in. stringers, supported by the ground on either side of the 
trench. At the left of the trench machine and attached to it will be 
seen the frame which was used for supporting a steam plank-driving 
hammer and the plank-pulling apparatus. It was necessary to re¬ 
move at least three sets of rangers and braces after the invert and 
bench widls had been jdaced and become thorouglily set, before the 
arch fonns could lie placed. 



Fio. 07 —Poor sheeting for 
sower 12 ft. by 12 ft. 



lio. 08 —Good sheeting for 
sewer 12 ft. by 12 ft. 


Bo* Sheeting.—Horizontal sheeiting, sometimes called “ box sheeting,” 
is sometimes used where the material excavated is such that the banks 
will stand untimbered for a considerable length of time without great 
danger of their caving. With it less care need Im taken in trimming the 
banka of the trench plumb than in the case of vertical sheeting, as it is 
not absoluti^ly noccssaia*, though it is preferable, that each plank be 
placed directly under the one above. After the excavation has lieen 
carried as deep as practicable without bracing (usually the width of 
throe or four planks), the planks are placed along the sides of the 
trench and held in positiou by 2-in. cloaU placed vertically at each end 
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and usually in the center of the planks. These cleats arc in turn tightly 
braced by means of ordinary wooden braces, with or without the use 
of wedges, or extension trench braces. As the width of the trench 
between the opposite planks is likely to vary’, extension braces are to 
be preferred to the ordinary driven brace, as they are more readily 
adjusted and by their use the trench may be more quickly braced. The 
extension braces arc also preferable, as there is little or no jar in con¬ 
nection with placing them, while if driven braces are used the jar 
resulting from the driving may be sufficient to endanger the banks. 



Fio. 09 —Box sheeting for 
45-in. sewer 



Box sheeting has been used in some cases where the material ex¬ 
cavated was very unstable, such as coarse gravel and dry sand. In 
such cases the excavation can be carried only deep enough to accom¬ 
modate a single plunk at a time. Each set of planks is temporarily 
braced until the trench has been carried deep enough to accommodate 
uprights supporting throe or four planks, after which the uprights, with 
one or two braces against each pair, may be sulsttituted for the individual 
plank braces. In this class of material box sheeting may be more 
expensive and troublesome than vertical sheeting, but it is quite useful 
under certain difficult conditions, as for example in trenches between 
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car trackB or under structures which interfere witli the placing of 
vortical sheeting. I'he use of the wooden liorses and temporary stages 
required by plank drivers is also avoided liy tlie use of box sheeting, 
which is often advantageous, especially in narrow strMts. 

Sometimes the first few feet of exc.avation may be in dry clay, alluvium 
or other material wluch will stand fairly well, while beneath this 
stratum sand or gravel may be eneountered. In such cases a combina¬ 
tion of horizontal sheeting on top and vertical shetrting below, may be 
used with sucerws. 

Fig. (lit .shows a tnuieh about 12 ft. in de])tli, the banks of which were 
supporlrcd by two sets of box .sheeting, each throe ])lanks in depth. 
Th(^ [ilanks used were 2 in. (hii’k, 12 in. wide, and 18 ft. in lengt h. I’lie 
cleats were 2X12 in. and 3 ft. in length. Kxtension braces were used, 
as shown in the .sketch. 'I’he. material excavated was a dry alluvial 
clay. 

Poling Boards.—This method of timbering is similar to that of 
vertical sheeting, exceiit that short planks 3 or 4 ft. in length called jioling 
boards arr- used and the sheeting is jilaced against the banks from time 
to time as the excavating proeeetLs instead of being driven. The planks 
are placed vertically against the pro|K‘rly trimmed banks, and are 
supported by means of rangers and braces, as in the ease of verticid 
slus'ting. In some cases where the banks stand well it is po.ssible to get 
along with a single set. of rangers and braces for one set. of poling boards, 
as illustrated in Fig. 70. This, however, is not as safe as (.he method 
shown in I'ig. 71, where two sets of nuigers and braces are used for 
each .set of poling boards. The nature of the material in which the 
tmneh illustrated by Fig. 70 was excavated was such that, a space 
of from (I to 12 in. could be safely left unsupported bet ween the bottom 
of one set of iioling boards and the top of the set next, below. 

Where this method of shi'etiiig can bi' used, economy in excavation 
will rasult, because the trench will be of the same width from top to 
bottom, regardless of deiitli. Thus with a trench sufficiently deep to 
require thrisi sets of vertical sheeting, a saving of about 3 ft. in width at 
the top and about l.tlft. op|)osite the second set of sheeting, will result 
from the use of poling boards. Short jiieces of phmk which accumulate 
on sewer work re(|uiring some vertical shwiting can lie advantageously 
used for ixiling boards, so that a combination of poling boards and 
vertical sheeting often proves economical. The use of polmg boards 
lias the same advantages as the use of box slu'cting, in that they do not 
project above the surface of the ground at any time. 

The chief*disadvantage in the use of poling boards lies in the fact that 
if there is a coUaisw in the tiraliering of any portion of the excavated 
section, resulting from the nmning out of the material bohuid the 
sheeting, serious deformation or even collajxse of the entire timbering 
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of tlio section niuy result. The danger of this is much greater with 
poling boards than with vertical sheetitig 
An illiLstration of ahi>eting by means of sets of poling boards many of 
which were braced by single sets of rangers and braces, is shown in 
I'ig. 70. The upi)er portion of the trench, to a depth of about 18 ft., 
was in dr)' alluvial clay, the lower portion in sand. The {raling boards 
were 4 ft. in length and were supported by 6 X 8-in. rangers and 
driven braces of the same dimensions. Where the lower portion of the 



trench Ls shored with vertical shc<ding, it is necessary to excavate the 
upi»r portion snfliciently wide to provide for placing the vertical sheet¬ 
ing planks inside the u|)per nuigers. 

Theoretically there may be some advantage in placing poling boards 
in a slightly inclined position, although there, is more danger of the 
slipping of the rangers and briu-ing. This methorl is illustrated by 
J'ig. 71. The upper jmrtion of the trench was sheeted by moans of 
puling boards 2 in. in thickness, each sot Ixiing supported by two sets of 
rangers and braces. The |>uling boards were inclined into the trench 
at the top and out at the bottom and the bottom of each set was slightly 
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behind and below the top of the next lower set. Poling boards set this 
way have been used with a single set of rangers and braces on the theory 
that the bottoms of the upper set of boards cannot be forced in while the 
tops of the planks below are braced against them. Fig. 72 illustrates 
the method of supporting the banks of a deep trench with poling boards. 
The upper portion of the trench was excavated to a depth of about 
10 ft., the banks being sloped at an angle of about 45° and unshored. 
Below this to an elevation slightly below the top of the sewer, the 



Fio. 7.1 —Poling boards and vertieal 
sheeting for 4-j-ft. sewer. 


banks of the trench were sup¬ 
ported by means of poling 
boards about 4 ft. in length, 
each set of which was sup¬ 
ported by a single set of ran¬ 
gers and braces. Below the 
lowest set of poling boards 
a set of vertical sheeting was 
driven and supported by two 
sets of rangers and cross- 
braecs. 

The material excavated 
from this trench was dry allu¬ 
vial clay for a depth of about 
10 ft. from the surface, below 
which dry clean sand was en¬ 
countered for a depth of 
about 25 ft., the last 4 or 5 
ft. being in water-bearing 
sand containing some small 
gravel. 


Poling boarils are particularly useful when it is necessary to excavate 
lielow existing structures which project into the trench, thus preventing 
the placing of vertical sheeting. In Fig. 73 a trench of this kind 
is illustrated, in which a 20-in. water piite and a 4-in. gas pipe were 
encountered. The trench was opened sufficiently wide to expose these 
two piites and to |wrmit taking out the gas pipe. Below the 20-in. 
water pipe, although the width of the trench was decreased, the face of 
the bank was under the pipe so that it was not practicable to support it 
by means of vorticsl sheeting. The character of the material ex¬ 
cavated was such tlmt the banks would stand while the excavation was 
being carried down about 4 ft. When this depth was reached poling 
boards werf placed and securely braced. The lower portion of the 
trench was shored by means of vertical sheeting. 

Stay Biadng.—When the excavation is in hardpan, dry clay, or dry 
loam, it is often unnecossaiy to provide close sheeting, although some 
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support for the banks may be needed. In such oases stay bracing, or 
skeleton sheeting, wiU prove economical. The simplest form of stay 
bracing involves the placing, at intervals of 6 to 10 ft., of pairs of 
vertical planks braced tightly against the banks of the trench. The 
braces may conveniently sen^e as supports for staging platforms in 
trenches which are sufficiently deep to require that the material bo 
staged out. 

If a trench mmst be left open for several days, the use of stay bracing is 
not to be rixjommendcd unless conditions are es|H<cially favorable, 
as heavy raias are likely to soften the banks and cause expensive and 
dangerous caving. 



Flo. 74.—Trench in alluvium; stay bracing 

Fig. 74 clearly shows the method of supporting the hanks of a trench 
by means of stay braces. In tliis case, each pair of stay braces was 
supported by a single brace, some of which wore 6 X 6-im timbers, and 
others consisted of two 2 X 6-in. planks. 

Skeleton Sheeting.—In some oases where it is difficult to determine 
prior to the completion of the excavation, whether or not it will bo 
necessary to use vertical sheeting, skeleton sheeting is used. This 
consists of the usual rangers and braces with planks between the rangers 
and the banks of the trench opposite the braces. By putting in these 
frames, it is possible to slip planks in later without delay wherever 
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fiiiinil iicc<‘s.sary. It is often dcsiratilc to place such planks at intervals 
of 2 or 3 ft. where it is nnneee.s.sary to provide close sheeting. 

Danger Due to Previous Excavations.— When a trench i.s excavated 
through natural grountl which has not ludore Ix-en excavated, the banks 
are not hkely to cave untd excavation lias reached a depth of 3 to .5 ft. 
il the excavation i.s in loam, clay, hardpan, or other similar material. 
If, however, the ground ha.s been previously excavated and refilled, or 
if a trench has been exc,'noted and refilled parallel to the trench under 
eonsnierat ion, t he banks are \ cry likely to cave m and the shoring should 
be placed befoic the irench has been carried to an imsafe depth. For 
this reason the cxcaMilion of trenches in the older city streets likely 
to bine been excavated for water and gas pipes, or for conduits, is more 
hazardous than simtlar cxcaMitiotis in new and undeveloiied territory' 
not likely to Inne been distitrbcd by excavation. Similarly, excavation 
in filled land i.s always treacherous and reipiires bracing and sheeting. 

Bracing Curves. - \\ hen a .sewer is to be constructed around a curve, 
the trench is generally laid out on chords of a length dependent upon 
till' degree of curvature. The ends of the rangers are cut on radial lines, 
thus making the outer rangers longer than the inner rangers. It is 
desirable to have the braces nearly at right angles to the ratigers but 
where the curve is very sharp this is not always jiracticable. Whenever 
the braces are not |ilaced substantially at right angles to the rangers, 
cleats or shoit jilanks should be si'curely spiked against the rangers on 
both sides of each brace to jirevent it from slip|)ing. In some eases 
where the banks of the trench are not very heavy, it may be possible to 
excavate the trench on the Ittie of the curve and instead of heavy timbers 
one or two thicknesses of 2-in. planks bent to the curve may be used for 
rangers. In such cases it will usually be helpful to scarf with a saw tho 
inner side of each plank at intervals of 4 to ,Sin. to a depth of from 1/ 4 to 
1. 2 111 . to aid it in taking the curve without cracking or breaking, the 
inner aide referred to being the side of .shorter radius of curvature.’ 

Jetting.—W here sheeting must bo driven much ahead of excavation, 
it 1 .S occasionally found impo,sMble to make siih.stantial i)rogre.s.s in 
the driving of sheeting by ordinary methods. In such ca.sea a jet of 
water may be forced into the .soil just bidow the bottom of the jilank 
so that as the soil becomes softened the jilank can be driven with 
ooniparaHvf' (‘aso. 

In snnir cmm'S liio tuittoni nf each plank fUttal witli a special ap¬ 
pliance li_\ in(‘an>. of winch the jet of water is inlroduct'd into the soil 
itnin<'dialel_\ helow tlie plank. In oilier cases the water may he con¬ 
veyed to tlalt'lowiT end of the shi'etiag hy a 3; 4-or 1-in. piix*, indo- 
|»emlent of the .'ilieetinn itself, and jmshed down hy hand. Where the 
litanks are fittisl w ith sjM'eial jeltiiiR shoos, it is economical to drive them 
n eonsiderabledLstaiice Wow the bottom of the trench at one operation. 



SHEETINC ASl) JtfiACIXd OF THENCIIFS 2;iS* 

Ihc efficioiK'v of the jetting inctluM) (iofu'iuis ui>on the resultitig 
iiiereaye in the fiuitlity of Itie nmterin! into whii'h the ah(H‘titig is to he 
driven. 

Pulling Sheeting. —Pulling, or dniwiug, wooden sheetitig is onliiwirily 
a quick and siiu])le matter if proper api>lianee,s are at liaml. If the 
planks are long or if steel jiiles are used, steam or elect n<^ powiT can he 
advantageously urilize«l in pulling them. In s\ich cases a wire cable or 
chain should be thrown around llie planks as low down as possible and 
attached to tlie hoisting roj«' of tlie engine witli wliich tlu-y are to be 
pulled. Oft('n several jdanks can be drawn in this mamu'r at one 
o)K'ration. Where sheeting is pulh'd hy hand each plank is withdrawn 
si'panitely, a <‘onveui('nt ajiparatus for this lieing a hwerand plank clamp, 
Kig. 90, page 292. It is a I’-shaped iron casting, the length of the V 
being about S in. and the width varying aecording to tia' thickn<‘ss of tlie 
slus'ting but usually being 2 in. To this clamp is attached an iron ring 
into which tlu* liook on the end of th(‘ hwa^r engages. As the plank is 
pulled a distance of about a foot, the lever is raised, Die clamj) sli])|M'd 
down and a new hold taken upon th(‘ i>lank. 

Where it is necessary for the ))ackrjlling to be tlioroughly tamped and 
the space occupied by the sheeting to b(* rehlhal to reduce tln^ danger of 
settlement ton minimum, it may bedesiralde toilraw the shreting a few 
feet at a time as llie bucklilliiig jirogres-scs, instead of pulling it entirely 
out of tlie trench aftiT tie* backfilling is comjih'ted. liy the former 
method a better opportunity is afforded to fill completely the voids 
left liy the withdrawal of tlu‘ plank, and to ram tlie mabTial thoroughly. 
In eases where such care is unneiM'ssary the slioeling may be withdrawn 
and the voids filled with fini', n-latively dry material which can Ik* 
consolidated by the u>e of long, narrow rammers or by water. Wliile 
in most eases it is jiraeticable to withdraw tlu* sliceting a few feet at a 
time, it is alway.s ineoinenient to do so and it adds.soinewluit to the cost 
of the work. 

LUMBER 

Kinds of Lumber. —The kinds of lumber us(‘d for slioring tronchoH 
vary in ditfiTent jiarts of thi- country. In tin* I'.ast the us<? of spruce wiw 
formerly almost universal, altliough the scarcity and incrifused cost of 
tlii.s kind of timber in recent years hai'c led to the more geiieraj uwi 
of long leaf yellow pine. Jb’inlock has l>een used in some communities, 
with some succe.ss, although it has generally been found inferior to 
either spruce or piiw*. In the Middle \\(;st ainl South, yellow pine is 
largely used, altliough luird wood, such as oak, is used in many places, 
Or(‘gon jiine is generally enijiloyed in trenches on the I'acific Coast. 
Ordinarily the first cost of the firnlier is an imixjrlant if not the cliicf 
consideration. If tlio sheeting nsjuircs laird driving, it in advisable to 

iti 
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get a soft tough wood or a hard strong wood. For this purpose spruce 
proves very satisfactory and oak will stand driving fairly well. Hem¬ 
lock is likely to splinter and is not usually satisfactory where hard 
driving is necessary. Oak is hkely to warp and prove difficult to handle 
on this account, and is also heavy. On the whole, spruce and yellow 
pine appear to bo the most satisfactory kinds of lumber for the bracing 
and sheeting of trenches. 

Planks for sheeting should not be over 10 in. in width, except notched 
planks, nor less than G in. It requires about the same amount of labor 
to drive a plank 4 in. wide as one 8 in. wide, but two 8 in. planks can 
ordinarily be driven in about the same time and perhaps with less 
exertion than one plank 12 in. in width. It is considered by many, 
especially in the eastern part of the country, that 10 in. is the most 
desirable width of planks for ordinary sewer sheeting, as they are not so 
wide as to cause difficulty in driving and there are not so many to be 
handled as if narrower planks are used. 

Dressing Lumber.—The lumber used for sheeting and bracing 
trenches is generally square edged, sawed stock, although round 
timlicrs may be used for braces and rangers. Plunks for poling boards 
and box sheeting require no dressing, although they should be of ap¬ 
proximately uniform thickness and length. Hangers (commonly 16 ft. 
long) should bo of uniform length so that the braces of the several sets 
may come directly under each other. 

If it is practicable to saw the braces to the desired length in advance 
of their use, it will be found that the bracing will bo done more expedi¬ 
tiously than if each brace is cut to measure as required, although the 
latter method is sometimes necessary upon hea\’y and difficult work. 
Braces should be beveled along their vertical edges, the corners about 
1 in. each way being cut off. This will facilitate driving and also 
avoid a tendency toward splitting. 

Planks for vertical sheeting are generally beveled for a distance of 
about 0 in. from one end. They should not be beveled to a sharp edge 
but the thickness should be made about 1/2 in. In some cases, espe¬ 
cially where the planks are to be driven a considerable distance below 
the bottom of the excavation, as in quicksand, it may be advantageous 
to bevel both sides of the lower en^ of the planks, thus avoiding the 
tendency for the planks to be forced either way from the desired line of 
sheeting. If there is a tendency for the planks to separate as they are 
driven in advance of excavation, it may in some cases be overcome 
by cutting tlje lower ends on a slant, as shown at JS in Fig. 56. When a 
plank is cut in this manner the tendency is for it to bo forced by the 
ground which it penetrates tightly against the plank previously driven 
adjacent to it. 

Vertical sheeting, especially where soft lumber like spruce or pine is 
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used, should bo dressed at the top to receive plank cape, which will 
protect the ends from brooming under the driving maul. Care should 
be taken to dress the planks sufficiently so that the cast-iron caps will fit 
loosely upon them, as a driving fit will result in cracking and breaking of 
the caps. 


STEEL SHEET PILING 

In recent years since the cost of lumlw has become so high and the 
quantity of heavy engineering foundation work has greatly increased. 



Type V. 



h'la. 75,—Lackawanna steel sheet piling. 



steel sheet piling has come into common use, particularly upon coffer¬ 
dams and foundation work near bodies of water. Several types of 
steel piling are shown in Figs. 75, 76, 77, 78 and 79. Thus far com¬ 
paratively little sheet steel piling has been used for the curbing of or- 
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liiiiiiry Kcwor trenriics, alfhouRh there liave l)e<‘ii a nuiiihcr of instances 
In H'liieli it lias l) 0 eii suecessfully useil on tills class of work. Steel 
piliiiK IS not as easily liantlled, chiven or jiulled as jdank, but its 



Fig. 77 - 1 inlftl .sled .shot-f pilinir (('.•iniciiic Steel (\t ) 


life IS obviously much longer, :is upon ordinary work it can bo used 
over and over a^^:aln witliout serious de|U'Ofialion. 

Tlu’ liouvier types of jiilinp; must be driven with power hammers al- 
thougli some of the li^diler typos may be dri^ on by hand. It is neoessary 
ill most caM's. to wiilidraw tlie siieetin^ l>y power. 



ki* 

£•- 

Fig 7S —.lones A. LauuMiii stetd sheet piling 


The dimension.^ and weiglds of slind piling made by the l^oakawanna 
StfH'l (V. the Carnegie Steel Co., the .loin's & Caughlin Su'd Co., and 
the WemUnger St(M‘l IMling ('o. are given in Tables 40 to 43. 

Fig. SO illustrates the method of sheeting a trench with steel piling. 

































244 


AMERICAlf SEWERAGE PRACTICE 



X 

-i^t 0> 01 os 

i 'tf ^ ^ 

d © o d © 

0 

io 

! >-1 M « 

' M (M 

i e © o o © 

1 

1 

. ^ 

Z) 

; 

■ lO »o •f 

© © © © o 

", 

3 « 

c 

5 

% — 

Ui lO W t’- In. 

CC W fO CO 

© o o d c 

i 

1 Q 

» 

»4* r-. !•, ^ P 

fO fO CO "f ic 

© © c © © 

3 o 

lO UO O © O 

3 

s 

B 

- « 
a 

c 

) 

: 

© © In. QC X 

CO X ^ ^ '»f 

O'! M »0 lO *0 

Weight per 
square foot, 
pounds 

O *0 © lO U5 
© r>. 

d © t* © 04 

CO eo CO CO ^ 

S 1 

ja 1 

a 1 

} \ 

12 X 5 

12 X 5 

15 X 6 

IS X 6 

15 X 6 

! 

0» CO ^ © 





SHEETim AND BRACINO OF TRENCHES 


245 




Fio. 79 — Wmlingcr atwl shept piling. 



¥ia. 80 .—Steel sheet pilisc with tuaber rangers aod braces. 








246 


AMERICAN SEWERACE PRACTICE 


It will be noticed that wooden waling i)icees and braces were used to 
shore the piling and jircvcnt the banks from caving. One of the diffi¬ 
culties in the use of steel sheeting is the holding of the rangers in the 
desired position, as there is a deeid<!d tendency for them to slip out of 
place because of the lack of friction betwt'en the steel and the lumber. 



Flo. 81 —Driving steel sheet piling with steam hammer. 


Rg. 81 illustrates the method of driving the sheet piling with a steam 
hammer. It w’ill be noticed that there is a hole through each pile near 
one end intu^ which a hook or chain can be inserted for the purpose of 
pulling it out of the ground at the end of the work. 

Various devices have been used to facilitate the pulling of steel sheet 
piling. Several of these are illustrated in Figs. 82 and 83, from 
"Steel Sheet Piling" by Carnegie Steel Company. 
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Oniinan’ pile drivers arc used with niueli of tho steel sheeting sunk 
today hut there are on the market a number of steam operated hammers 
which have been succcssfuUy used for tho purpose. Several of those 
hammers arc illustratrKl in Fig. 84. Table 44 gives the weights and 
dimensions of the \\arrington steam hammers, made by the Vulcan 



. ' Cur«» 

I'lo ,82 —D(!vioc8 for pulling steel sheet piling 


Iron Works, and of the sizes of piling and sheeting for which they may lie 
^fely used. The larger sizes were dcveloiicd primarily for pile driving, 
but are sometimes reipiired for sU*l sheet piling. For example the 
No. 1 size was used by W. A. Fargo in driving 30-fl. piles through sand 
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and gravel, using a cast-iron follower on the top of the pile, then a wood 
block about 20 in. long and 15 in. in diameter and then a l-3./H-in. 
circular steel plate 13 in. in diameter. 


Table 44.—Weiohts and Dimensions or Warrinoton Hteam Pile 
Hammers (Vhuan Iro.n Woreh) 
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TIMBERING TUNNELS 

In some kinds of material as, for example, hardpan, it is [lossible to 
excavate a tunnel drift for some distance without the use of shoring, in 
others a.s, for example, loo.se gravel, it is alwolutoly necessary to drive 
.sheeting in advance of the excavation in order to prevent the sand and 
stone from rolling into the heading. 

The material iniinediately overlying the tunnel is free to fall into it, 
hut the arching action of the earth above prevents the sliding of a large 
prism of earth extending from the tunnel to the surface of the ground, as 
might tie the case if the material were without friction and there wore no 
arching effect. Kven where a tunnel is driven through relatively loose 
gravel, which nms badly, it is not common to encounter excessive 
pressures, though the gradual running of the gravel may cause a move¬ 
ment of the material all the way to the surface of the ground. On the 
other hand, where the tunnel is driven tlirough fine sand containing 
considerable water, or through a wet clay, perliaps containing some 
sand, the pressures exerted mmn the tunnel shoring are often very great 
and may even approximate hydrostatic pressures. 

As in the bracing of trendies, it is of the utmost importance to prevent 
the movement of the material immediately outside the tunnel. To 
accomplish this it is necessary for the timbering to follow the excavation 
closely, and in materials which are likely to run, the planking should 
be driven slightly ahead of the excavation. 

Most tunnels in rock require little or no timbering. In some cases, 
however, where the rock is rotten or where (here are seams of clay 
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between strata of rock, it may l)C necessary to put in strute to prevent 
the rock from slIppinR mtc tlu' cx.'avat.on and it may even be necessary 
to Hhect a tuuncl if tho rock i-s badly disinlc^jrated. 

Great diffieulty is ertcouiifcretl hi .sJu'cting tunnels driven in rock 
so overlaid with noil that tfic iijiper portion of the tunnel is in earth. 
In such casas the upper part of the drift is first carried forward in the 
earth and securely timberiKl, after which the rock is drilh'd and blown. 
Great care is required in tliis latter operation to prevent blowing out 



Fio. 85.—Worcester sewer tunnel m rock with roof in carfli. 


bracra and abating. Some of the difficulties encountered in this 
class of work arc illustrated in Fig. 85. 

In luird|Mui it is usually jiossible to excavate with safety a drift 5 or 6 
ft. long before timbering is placed. In some cases the masonry may lie 
immediately built and thus the necessity of timbering the drift may be 
avoided, if, however, a tunnel even in hardpan is to stand some time 
before the masonry is constructed, it will be wise to provide a timber 
lining. Such a tunnel lined with poling Ixiards, held in place by caps 
and legs, is shown in Fig. 8(i. Poling boards in a tunnel are horizontal 
while in a trench they are vertical. 
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This tunnel was driven in sections about G or 8 ft. in length without 
the use of shoring. After a section bad been completed tlie cape and 
legs, which were of 6 X 0-in. spruce timber and 2 ft. 6 in. center to 
center, were placed in position and short jxiling boards slipped in beliind 
the 1^ and over the caps. The caps and logs wore so placed that it was 
necessary to drive the [wliiig Iwards slightly to force them into their 
proper [xwitions, thus providing a finn supiwrt for the soil outside the 
shoctiiig. The legs were ,supis>rlod on footing blocks and wore braced 
across the top by 2-in. plank, spikwl to the underside of the cap pieces. 
This tunnel st<iod for several months before the masonry lining was 



Km. SB —Tind)ering m a W'orecstcr sewer tunnel m hanlpun. 


constructed and showed no signs of excessive pressure. It was about 
6 ft. high and B ft. wide at the Isdtom and aliout 4 ft. wide at the top. 
Such tunnels arr^ sometimes timliered by placing caiw and lept closely 
together, thus avoiding the use of lading Ixiards or sheeting. 

In dry clay it is usually isMtsiblc to drive tunnels in advance of 
shoring, as in hardpan, but if the clay is moist, and esitecially if it con¬ 
tains veins of water-bearing sand, the pressures exerted are likdy to bo 
heavj' and to follow very quickly after the drift is excavated. The 
shoring of a tunnel in such clay soils should Iw strong and tightly wedged 
in order that the drift may hold its shape and position when the pres¬ 
sures become fully developed, and it is generally necessary to drive close 
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gheoting about the legs and caps. The work should bo performed as 
rapidly as possible because the continual working of the clay under the 
feet of the laborers causes it to assume a semi-fluid condition, which 
makes it very difficult to so place and support the legs that they 
will withstand the pressures put upon them. Where the material is 
bad, it may bo helpful to provide a plank flooring upon which the 
laborers can walk and thus prevent the constant working or kneading of 
the clay. The legs should be supported on ample footing blocks, or 
stringers running entirely across the heading, and in some cases must 
be gunk into holes a foot or more below the bottom of the tunnel in 
order to provide a .soil footing sufficiently hard to withstand the pres¬ 
sure. While these pn^autions arc all important, the secret of success 
in driving small tunnels in material of this kind lies in rapid excavation 
and, if possible, in prompt lining of the tunnel so that the work may be 
completed before the material has reached the semi-fluid condition 
alluded to. 

Timbering Tunnels in Gravel and Sand.—In gravel and sand it is 
necessary to drive the sheeting as fast as the excavation is made and in 
some cases it should 1)0 drivon ahead of the excavation. A type of 
timbering often used in small tunnels in such ground is described in an 
article {Jmr. Aksoc. Eng. Socs., 1905) written by Rufus K. Porter, at 
that time Assistant Engineer in the city of Newton, Ma-ss. This type 
of timbering is illustrated by Fig. 87 (made up from Mr. Porter's 
article) and Fig. 88 (Supt. of Sewers Rpt., Worcester, Mass., 1899). 

Ordinarily the first step in driving a tunnel of this kind is to put down 
a well-sheeted shaft. After this has been done, the method of procedure 
at Newton may bo followed. Two lines of holes, about 18 in. apart, and 
covering a space as long as the cap piece, were bored through the planks; 
each plank was then chiseled out and a 1-in. board set in behind it and 
secured by wedges to prevent the face of tho bank from caving in, as 
illustrated in a, Fig. 87. The first frame, consisting of a cap and two 
legs, securely clcatcd, as shown in 6, Fig. 87, was then set in 
place adjacent to but not quite touching the sheeting. The roof lagging 
pieces were then set up, the front ends resting upon the cap and tho rear 
ends upon a temporary supijort, the center passing under and being 
wedged down from a heavy timber running across the shaft, which in 
turn was braced down from the rangers as illustrated by r. Fig. 87. 
The breast boards, shown in o, were then dropped about 2 in. and the 
roof lagging was driven into tho loose dirt behind the sheeting. After 
tho roof lagging had Ixeu driven far enough to prevent the material from 
running from Iwhind the sheeting, the breast boards were removed and 
the soil behind them was allowed to run into the shaft until it had as¬ 
sumed its natural slope. 

The upper side lagging pieces, one on each side, were then entered. 
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being wedged in th(i same manner as tbe roof plank. As the roof was 
given a pitch of 1-1/2 in. to the foot, the upi)or side lagging piece on each 
side was so taf)ered that its under side would be level when in its 
proper position, as illustrated in il, Fig. 87. Where the material was 
very wet and troublesome, .several of the side planks were so tapered as 
to give the sides a distind downward inclination. 

After th(i roof lagging had been driven in about .8 ft. the sand was 
partially excavated and a temporary e,a|) or “horse-head” was set up, as 



Fig. 88—Timbering in tunnel through soft ground, Woroestcr. 

in e, Fig. 87, to prevent the plank from crowding down. The dotted 
lino in e shows the extent to which the sand was excavated tjeforo this 
horso-hoad was inserted. The horse-head was placed by first removing 
the dirt immediately under the roof and forcing the rap piece tightly 
against yie under side of the roof plank, after wliich a trench was cut in 
the center of the heading and a short temjKirary leg and prop placed 
under the cap piece. As the excavation proceeded tlie side legs were set 
in place and tightened with wedges. 

After the horse-head had been set and thoroughly wedged against the 










HHBBTWG AND BRACING OF TRBNCHBS 265 

rOTf the la^ng wm driven to its full lenRth, as shown in /, Fig. 87 
which also gives an idea of tlie extent of excavation up to this time. The 
ground was then carefully cut away under one roof plank at a time and 
an 18-m. breast board was set up vertically under iu forward end to 
hold the earth from running into the heading. These boards wore 
pnerally set on a footing plank and sccimHl at the top by wedges, thus 
helping to support the roof. 

'Iho next cap was then placed against the breast boards, on top of 
wluch were placed “ohoeking blocks," 7 in. long, 2 in. wide and .1 in. 
tliick. On to]) of thow blocks was set a waling board 2 in. tliick and of 
the Harm* letjgth as the cap. 

After this cap piece had been adjusted, the two tipiicr side lagging 
pieces on each side were driven in flush with the breast and wedged 
against the cap, thus securing t hem finnly in ])lace. A temporary center 
prop was next inserted under the cap, a narrow trench being excavated 
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I'm 80 —TimlicrinK in a Louisville sewer tunnel. 

for tliat purpose. The prop was then wislged tightly against the cap 
piece wluch in turn rained the waling hoard ho tUt it bore tightly against 
Uie roof and Bupporlcd it bo that tlic temporary horwj-head could he 
taken out when it intcrfercel with the work. Two timliers about 10 ft. 
ioi^, called “the bars,” were then placed with their ends under the cap 
butting against tlio breast Iwards just placed. These timbera rested on 
legs haxnngn solid foundation previously prcpareil, Fig. 87,tlio back 
ends passing under and being wedged down from the cap pieces tichind. 
1 he renter prop was then removed, the roof licing supported by the bars, 
and the whole width of the breast was cut down at once. As the material 
was loo wet to stand with a vertical face for more than about 2 
mm., the excavation liad to I>e done very quickly. The work was 
begun at the top and the material removed for a depth equal to tlie 
width of a bulkhead plank, which was inserted as soon as theexcava- 
tion had been complcicd. 

As it was unsafe to rely upon the bars for the support of the roof for a 
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very long time, center prope were placed as soon as possible. When the 
material had been excavated as far forward as the sheeting would permit, 
the process described was rc{)ested. 

In Louisville, Ky., 1909, under the immediate supervision of Howard 
S. Morse, Resident Kngineer, a portion of the Beargrass intercepter, 5 ft. 
2 in. by 4 ft. II in. in size, was built in tunnel driven through fine, dry 
sand. The method of timbering tliis tuimcl and the dimensions of the 
timbers arc shown in Fig. .S9. 
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Fio. 90,—Typical erowii-lmr system Fi(i 'll -Typical arch-timber ays* 
of timbering for large tunnels. tern of limbering for large tunneUl' 

Timbering Large Tunnels.—The timbering required to support the 
earth about large tunnels is frequently quite complicated. In some 
eases small pilot drifts are carried ahead of the main portion of the 
tumiel and the timbering started from these is carried around the tunnd 
until the entire excavation is made. In other cases, pilot tunnels are 
driven at the sides or in the center of the bottom of the tunnel and 
from these the timbering is gradually worked out until the entire scctiffl*' 
has been excavated and timbered. Several interesting types of timbering 
for l^gge tunnels end subway excavations are given by J. C, Mearf 
(Trans. Am. Soc. C. E., vol. lx, p. 20) from which Fig. 90 is taken.lt 
illustrating one such method. Tliis is that known as the “crown-ba? 
system, in which “it is customary to drive the bottom drift ahead of 
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Fi« 93—InteriorofLawrence Ave tunnel, showing shield and outer wooden 
lining. 









SHXSTING A»D BRACim OR TURNBlM W': 

other work and follow thie doady with a top drift.. The ban an 
idaeed in position in this top drift, the poling boards are driven trilf 
approximately as shown, and the bracing is erected as the excavation 
proceeds. Where this type of bracing is used in rock tunnels it is, of 
course, unnecessary to drive a bottom drift, and the arch timber bracing 
shown on the left is usually put in underneath the bare as soon as the 
depth of excavation corresponding to the springing lino of the structure 
has been reached. It is thus seen. Fig. 90, ^t, for the bar system 
alone, a circular tunnel of the siio Shtigii’l^'tftB, Outer ring could be 
constructed, whereas with the arch timber bracing remaining in place, a 
tunnel no larger than that shown by the inner ring could 1)0 built.” 

The author points out the impracticability of filling voids over the 
masonry wlien this typo of timbering is adopted and the danger of 


(*-.rv.s 



Fio 94 - .Section of tunnel shield and lining, Lawrence Avenue, Chicago. 

settlement due to the fact tliat the idling boards do not finally rest in 
the plane at which they were started. 

Another sjirtem of timltcring used by Mr. Mcem is shown in Pig. 91 
and Fig. 92 (Trans. Am. Soc. C. K., vol. lx, p. 22). In this case all of the 
timbering except the shooting was removed, the latter bearing directly 
on the brick-work. 

"In this type the arch timlKTS were underpinned from the masonry 
which was put in in a centrally ahected and braced trench, as shown, the 
entire masonry of the structure licmg built in three successive stages, of 
which the first is that noted in the bottom of the trench. In this method 
the outward thrust of the liottom legs of the arch, or segmental timben, 
precludes almost entirely the possibility of any settlement while thesheeting 
for the middle trciuh is being driven. In dry ground there is practically 
nodangerof any settlement tobecaused from this methixiuf underpinning, 
and the writer has supervised tunnels built safely by this methud, where 
the ground-water level was normally 6 ft. above the subgrade and bad to 
be kept down by constant and heavy pumping through sand.” 
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Tuimeling with Aid of Shield.—A number of large tunnels through 
gravel and quicksand liave been driven with the aid of strong metal 
shields forced forward by jacks into the soil from time to time as 
desired, as illustrated by Fig. 93 and Fig. 94. 

In some cases the shield is followed up immediately with the masonry 
lining of the tunnel, a thin steel tail-plate senung to prevent the settle¬ 
ment of the soil l>etwecn the rear end of the shield and the front end of 
the masonry. 



pjQ 95 —Wooden lining rin^ and bulkhead of pneumatic tunnel 6 ft. in 
diameter, Worcester, Mass. 

In other eases the tunnel has Wn lined with cast iron segments as the 
shield was moved forward, the masonrj’ lining being inserted witliin the 
cast iron lining at a later date. 

In tfJo case of the Lawrence Avenue Sewer, Chicago, the timnel was 
lined with 8X8 in. timber against which the shield jacks reacted. 
Fig. 93. The masonry was laid inside the timl>er lining. 

Tunneling with Compressed Air.—In subaqueous tunnels and 
sometimes in tunnels through very treacherous quicksands located in 








259 



Fia. 96.—Section throuKh caiaBon and air locks, ^^'o^cester aewer tuzu:^ 
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close proximity to buildings, it haa been found necessary to apply air 
pressure to tlie tunnel to prevent the inflow of water and earth. Such 
tunnels have been shored by means of cast-iron segmental plates, and 
in some cases by wooden segments, as illustrated in Fig. 95. (Rept. 
Supt. of Sewers, Worcester, 1899.) 

The tunnel was 6 ft. in diumeter, and “ the temporal^' lining, put in as fast 
as material was excavated,*con.Hist(Hl of wood<*n rings IS in. long. These 
rings were cut into eight segments, and as the segments had to be put in 
place from the illsilU^ otie piece was cut so iw to form a key, wedging as 



P'lo. 07.—tNorking chamher of caisson; bucket is ascending through lock 
and lower door is being closed. 


•iriven into position from the inside, and the segments each side of it were 
cut to fit this key. .411 other pieces were cut on the radial lines. The 
segments were framed of 2 X 3-in. North Carolina pine, being pinninl together 
by 1/4-in. carriage b»»lU. The ril>s of the ring.s were cut on the circle, 6 ft. 
indiametifronthooutside. These segmental frames were covered with 3/4-in. 
matched spruce sheathing, which was stuck curved on one side to rest tightly 
on the cun’ctl frame. The frames were bored by template, so that there was 
no delay in Imlting them together when in place. Three 1/2-in. bolts 
wore used on each side and two of the same sixe on each end.*' 
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This tunnel was entered through a caisson 8 ft. wide, 16 ft. long and 
7 ft. high, built on the surface of the ground of 8 X 8 in. spruoe timbers, 
one course running horizontally and the other vertically. After this 
caisson was built the earth was excavated from below it and it was 
gradually forced down into place. The caisson with the bucket and 
man locks is illustrated in Figs. 90 and 97. 

The use of cast iron rings made up of s’Kort segments is shown in 
Fig. 9.S, which was prepared from a photograph taken in the southern 



Fio. 98.—Cast iron lining segments, southern low-levcl sewer Xo. 2, 
Camlierwell, London main drainage. 


low levd sewer of t he Main Drainage Works of London. This sewer was 
built in tunnel with the aid of compressed air and the illustration is 
typical of much of the tunneling wltich has been done through bad 
ground in the vicinity of Ixindon, England. (“Main Drainage of 
London," by Sir Maurice Fitzmaurice.) 


TOOLS KEQinitED 

While sheeting and bracing may be done with tools found upon most 
kinds of construction work, it is desirable and economical to jnovide a 
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few specially dcsiifned implements. A cross cut saw will be found 
advantageous for cutting up lumber, and an adz should be provided for 
dressing it. Vertical sheeting can be conveniently driven with a 



I'm. 9fl.—Sheeting nr plank ehinip and lever. 

wooden maul, or bratlc, made of a tougli luird wood, such as elm, and 
weighing about lb. Such a maul should be i)rovided with iron rings 
set back from the faces of the luimmer and securely wxalged and pinned 





" 23 Pounds. 

Fla. 100. charge and small bracing hummers. 

to it. For the handle of a maul a pick handle or hammer handle is 
preferable to a round handle as there is less tendency for the maul to 
turn in the hands of the driver, resulting in striking an uneven or 
glancing blow. 
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A cast-iron plank cap should be provided for the protection of the ends 
of the planks or in hard driving they may become so splintered and 
broomed that they can be used but once; in fact, they may sometimes be 
so damaged in this way that they cannot be driven to the required 
grade. Upon very light and easy work it may not be always nec¬ 
essary to use plank caps, but they should, always be at hand. Such 
caps should be made to fit the prevailing width of planks which, whore 
practicable, should be about 10 in. 

For driving braces it will l)e found convenient to provide special 
bracing hammers. Fig. 100, weigliing about 10 Ib. Tluwc liammors are 
so designed that the blow can be delivered close to the end of the braces 
and they are much more effective than an ordinaiy sledge hanuncr. A 




hammer of less tlrnn 16 lb. weight is not desirable for bracing and it has 
b(!cn found that one weighing more than 10 lb. is rather clumsy for work 
in ordinary trenches, although for heavy bracing a liammcr weighing 
about 23 lb. is frequently used. 

In recent years metal extensible braces. Fig. 101, have often 
bts^n substituted upon much light trench work for the wooden braces 
formerly generally used. These braces are more quickly applied 
than the timber struts and require no driving, an advantage where the 
banks are unstable and likely to cave if jarred. These braces may be 
provided with lugs on both ends, which overhang tlie rangers and pre¬ 
vent them from falling, with danger of injuring the laborers working 
below, in case the bank yields enough to loosen them. 

This type of brace is usually fitted with lap-welded wrought iron pipe 
and the length of brace may be varied by substituting different lengths 
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ill pipe. It i* customary, however, in departments having trench work 
in hand at all times, to carry in stock a supply of braces of several 
lengths to avoid the necessity of changing the pipes. 

The dimensions of extensible trench braces wluch can usually be 
obtained from stock arc given in Table 45. 


Taiile 4.5.—Dimenkio.ns of Extensidle Sewer Braces 

(Haroltl I- Hoiitl Co , Boaton) 


l/i'tiKlh of britri' t‘lrim‘<l 

of Hcri'w 

of ticrcw 

Will «pri*ad 

18 inrlH'M 

12 Indies 

1 ^ indies 

8 inches 

21 inrlu'K 

12 inches 

IJ indies 

8 inches 

24 inohcN 

12 inches 

1^ inches 

8 inches 

27 inclx's 

12 inches 

1^ indies 

8 inches 

30 iiichos 

12 inches 

Ij inches 

K inches 

30 iiirhi's 

12 inches 

1 1 indies 

8 inches 

42 iiicltoH 

14 Indies 

H inches 

10 inches 

48 inclu’H 

14 indies 

IJ inches 

10 inches 

54 iiKihcH 

1() inches 

inches 

12 inches 

00 inches 

IC indies 

inches 

12 inches 

60 inches 

18 inches 

inches 

12 inches 

72 inches 

IK indies 

1^ inches 

12 inches 

60 inehes 

IS inches 

12 indies 

12 inches 

66 inclies 

IS inches 

IJ inches 

12 inches 

72 inches 

IK inches 

IJ inches 

12 inches 

84 inclies 

18 inches 

12 inches 

12 inches 


Such braces are sometimes provided with fixed or ball joint shoes. 
Those with the ball joint shoes, however, arc not as convenient to 
handle and place as those with fixed shoes. It has also been found that 
there is considerable breakage of ball joint braces on account of the 
failure of the ball and socket joints, which are not usually machined, to 
scat properly. 

It is desirable in some cases to use timber braces with screws on one 
end. In such cast's one end of each brace is bored out to receive the 
■crow, as illustrated in Fig. 101. Such braces arc particularly useful 
upon wide trenches as they are quickly adjusted and require no 
driving. For wide trenches and heavy banks, many sewer builders 
prefer to use timber braces and wedge them against the rangers with 
hardwood wedges driven to refusal. 

PRACTICAL SUGGESTIONS OH TIMBERING 

Good workmanship is essential to the successful timbering of trenches. 
If it is desired to practise strict economy, it is wiser to adopt a less ex¬ 
pensive method and to do the work in a first class manner than to adopt 
a more expensive method and resort to careless workmanship. 
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The banka should be carefully trinuned to a plane surface before 
placing the sheeting. As the trench is deepened the material of the 
bank should not be permitted to run out or ravel or bo trinuned back to 
allow the sheeting, when driven down, to slip over it without friction, 
inasmuch as this practice, particularly in running sand or gravel, is 
likely to lead the workmen to carelessness in allowing the formation 
of pockets behind the sheeting. Such pockets arc undesirable not only 
because they may rrault in serious settlement of the ground and increase 
in pressure upon the bracing, but 1)000080 they arc likely to result in 
deformation of the finished si'wer by spreading of the arch when the 
trench is backfilled. 

In excavating a trench in loose material, hay or meadow grass will bo 
found useful to prevent the nmterial from running through the cracks 
in the Kheeting. 

The banks of a trench should never l)e allowed to move, if it is possible 
to prevent movement. The shwting and bracing should bo placed in 
the trench as soon as practicable, in order to prevent any movement of 
the top layers of the soil. The sheeting should bo driven as fast as tlie 
excavation proceeds and in (|uicksund it is, of course, necessary to drive 
the sheeting in advance of the excavation, (ireat care should bo taken 
to prevent the bank-s from raveling where notches or “windows” 
are required. The pressures exerted upon timbering increase greatly as 
the soil back of the sheeting becomes cracked, loosened, or in any 
way shifts its position. Such movements of the banks are likely to 
cause the breakage of adjacent water piires and sewers, resulting in the 
partial or complete saturation of the soil with the water leaking from 
them, and producing pressures approaching hydrostatic prossuro. 

Braces should always l)o tight. Where they arc short and of wood 
they may l)c cut to correct length, and driven, but where they are long 
they should l)c tightened by hard wood wedges driven to refusal. 
Upon the lighter work extensible screw braces will Ire found mor« 
convenient than wooden braces. 

Except upon very heavy and expensive work it will generally be 
found more convenient to use rangers and braces of the same sise from 
the top to the bottom of the excavation, than to attempt to vary their 
sixe in accordance with theory. If, as is frequently the case, it seems 
desirable to increase the strength of the timbering toward the bottom of 
tlie excavation, or at any other point, this can bo done by decreasing the 
space between the rangers, and adding braces. 

Trenches should always l>e braced in such a manner as to give as 
much room as is possible for working between the rangers and between 
the braces. For this reason, as well as to reduce the quantity of excava¬ 
tion, it Is common practice to use rectangular rangers on edge or with 
the long side vertical. While this is not the most economical method 
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of utilizing the strength of the timber, it docs save room within the 
trench and makes it possible to construct the trench slightly narrower 
than if the rangers were turned so that the long side would be horizontal. 
Moreover, this method gives greater bearing area for the braces, and, 
as shown in the next chapter, this transverse crushing strength may 
control the section. 

It is generally desirable to use two braces at the contiguous ends of two 
sets of rangers, so that each set may act indeixmdeutly of the other and a 
settlement of one section of bracing will not affect the adjacent set. 
Center braces should generally be of the same size as the rangers. End 
braces should be of the same depth as the rangers but may generally be 
somewhat narrower, because the loads put upon them are smaller than 
those put upon the center braces. 

All braces should 1 k‘ securely ch'ated to the adjacent rangers so that 
they will not fall to the bottom of the trench m case the banks yield and 
they become loosened. 
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SIZES OF SHEETING, RANGERS AND BRACES 

Behavior of Different Materials with Respect to the Need of 
Shoring.—The luw-ssity for Hiioriiig and tho niethoils of timbering or 
sheeting trenches vary according to the character of soil encountered, the 
proximity of pavements, pi|)e lines, buildings and other structures 
likely to bo damaged by settlement of the adjacent ground, and the 
manner in which the earth is to be excavated. 

In many ca.ses in hardpan, little or no shoring may bo required in 
trenches carried to a considerable depth. Where it is felt that there 
may be some danger, an occasional stay brace, or skeleton sheeting, may 
be used. Hardpan usually caves in large massas and does not ravel 
through small oiK'iiings, so that in many cases the atternato planks may 
be left out. 

In trenche-s in clay, it is usually necessary to provide close sheeting 
and heavy timbers, for w hile clay stands fairly well for a time after it is 
first excavated, it is likely to swdl and in many cases wato will gradually 
seep toward the trench, making the clay a treacherous material and one 
which may impose heavy loads upon tho timbering. 

In dry alluvium, sheeting will generally be required, although tho 
bunks usually stand well for a time. In some coses it may bo possible 
to leave spaces between the planks, as tliis material is not likely to 
ravel. 

In trenches in gravel, close sheeting is almost always required, because 
of the tendency of this material to ravel and roll through small openings. 
It is not usually possible to excavate trenches more than 3 or 4 ft. deep 
in gravel, before putting in tho sheeting. 

Sand acts differently in different cases, depending largely upon its 
sire and uniformity and the amount of moisture which it contains. As a 
rule, it is necessary to close-sheet trenches in sand, and it is not generally 
wise to carry the excavation more than 3 to 5 ft. deep before placing the 
shoring. 

Where the sand is very fine and contmns considerable water, high 
pressures are likely to be exerted upon the shoring. In some cases 
these pressures may approach, and perhaps even somewhat exceed, a 
corresponding hydrostatic pressure. In such materials the sheeting 
must be close and strongly braced, and the planks must usually be 
driven a considerable distance below the bottom of the trench to help 
267 
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hold thorn in thoir proi)or position below the lowest ranger, and to 
prevent the sand in the trench from being forced up by the pressure of 
the soil outside the shet'ting. 

Trenches in rock may sonKitimes be safely excavated without shoring. 
They may be treacherous, however, when the rock is seamy and when 
the seams lie at an angle of more than 30° with the horizon, and more 
esiiecially whero thes<! seams are filled with clay or other material upon 
which the rock may readily slide. It is often difficult to determine how 
far bac'k from the face of the bank tlu; rock has been shattered or cracked, 
and sometimes where shoring is omitted large masses suddenly slide 
into trcmdies. Whim the banks arc ver\’ trcivcheroiis it may be wise 
to provide (dose shording. but with trenclKW of moderate depth this is 
not generally necessary, as frequent stay-1 )rac(!3 or skeleton sheeting 
will prevent the rock from sliding. The shoring of rock trenches, and 
especially trenches in rock overlaid with earth, is likely to be unsatis¬ 
factory and ex)M'nsivo because of the derangement of braces and 
shoring by blasting operations. It is difficult to avoid this trouble by 
any method of sliwting, but much can be done to lessen the danger of 
blowing out shoring by the u.se of cure and judgment in the blasting. 

Angle of Repose of Soils.—“The angle of repose," designated as «, 
is the greatest angle above the horizontal plane at which the material 
under consideration will lie without slip|)ing or sliding. 

The angle of repose of various kinds of earth has been found experi¬ 
mentally, but varies greatly according to local conditions. Kithor 
increasing or decreasing the moisture m natural .soils may decrease the 
angle of repose and increase the pressure develoiwd. Hough average 
values of the angle of rejiose and weights of several soils are given in 
Table 46, taken from “A Treatise on Masonry Construction” by 

Baker, to which have Ixien added the values of ! 7 These 

1 -h sin ^ 

values are of little practical importance but are given to show the 
values which arc generally used in discussions of the theory of earth 
preesure, and to give a general idea of how they may varj’. Where the 
earth pressure is applied to a vertical plane and the surface of the earth 
is horizontal, the resultant jiressure is obtained by the formula 

p „ V ' ~ ^ 

2 1 -f sin •)> 

Where P »= resultant pressure 

w •» weight of 1 cu. ft. of earth 
h “ height of bank 
if, » angle of repose. 

According to this formula the pressure developod by a soil having an 
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angle of repose of 15° is nearly 3-1/2 timea as great as the pressure 
developed by the same soil if its angle of repose were 45°. 


Table 46.—Angle or Repose and Weight or Diptercnt Kinds or 
Karth 


Kind of cartli 

Angle 

of repiLse 

1 — sin^ 

1 -f nin^ 

Weight, 


•P 

SIojm;’ 

CU. ft. 

Alluvium. 


3 to I 

; 0.53 

90 

(May, dry 

2(1" 

2 to 1 

1 t) 3i) 

no 

(May, dump. 

45° 

1 to 1 

' 0 17 

120 

('lay, wei ... 

1.5° 

3 2 to 1 

, 0..50 

130 

(Iravol, tuMirw' . . 


1 7 to 1 

0 33 

no 

(•ravel, sraded sizes 

-Kl" 

1 2 to I 

: 0 22 

120 

Loam, dry. 

4(»° 

1 2 to 1 

0.22 

80 

moist. . . 

4.5° 

1 to 1 

0 17 

DO 

Loam, Haturated 

30° 

1 7 to 1 

: 0.33 

no 

Sand, dry 

35° 

1.4 to 1 

0 27 

100 

Sam). iiioiKt 

40° 

1 2 to 1 

: 0 22 

no 

Sand. Hatnrnted. 

:u»" 

1 7 to 1 

' 0 ;w 

120 


'Ratio of Itorizoniiil to vortieid diiiiensioi). 


CohesioiL—The methods ordinarily used for calculating earth pres¬ 
sures disregard the cohesion of the particles of soil. This quality varies 
greatly with different soils and also, in any particular soil, with its 
moisture content and ditgroe of compres-sion. Clean dry sand and 
gravel have little cohesion. In clay it is an important quality factor. It 
is this force which makes it possible to excavate a trench to a consider¬ 
able depth without shoring. In clean, loose, dry sand, it is not gener¬ 
ally possible to excavate to any material depth without causing the 
banks to slide or roll in, but if the sand is moist the excavation may be 
carried to a deidh of 4 to 6 ft. without caving. Alluvium, hardpan 
and clay banks from 10 to 15 ft. high will often stand for several days 
and even in some instances for weeks without caving. 

It b frequently observed that a given soil will have different cohesive 
qualities when under different pressures. It therefore seems logical to 
assume that the cohesive qualities of a soil will increase with the 
increase in depth of the excavation, and abo to assume tliat the angle 
of repose will vary in a corresponding manner, wid will increase with 
the depth of the trench. An increase in the water content of the soil is 
likely to be encountered as the excavation b carriod down, however, 
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with a corresponding decrease of the angle of repose in most cases. 
Thews assumptions should not be carried too far, as soils rarely are 
homogeneous and of uniform character from top to bottom of excava¬ 
tion, strata of different soils being frequently encountered. 

Lack of Adhesion.—In considering earth pressures both the cohesive 
and adhesive qualities of the soil are generally included under the term 
cohedon, as it is very difficult to separate them. The soil, however, 
does not readily establish adhesive qualities as distinguished from 
cohesive (pialities. This is well illustrated by the fact that if a trench 
has at some previous time been excavated parallel and relatively near to 
a new trench, tlu' soil, if allowed to yield, will almost always crack on 
or cave to the line of the original trench, showing that iiracticaily no 
adhesion exists betwcKin the original virgui soil and that refilled into the 
old trench. This condition exists even after the trench has been back¬ 
filled and subjwted to the conditions of nature for many years, and is 
one wliich mast always be taken into account in iilanning for the 
bracing of a new excavation. In many cases, it is necessary to sheet 
and brace trenches solely because at some pri'vious time the soil near 
them luis been excavated and the bonds of cohesion broken, no bonds of 
adhesion having since, been establislusl. For these reasons, the bracing 
and shoring of trenches in virgin soil is very dilTerent and often much 
simpler tlian similar work in the older city streets which have been 
subject to frequent excavation. 

Tendency of Soil Conditions to Change.—There is a tendency for the 
conditions affecting the need of shoring to vary from time to time. In 
most ca.sos the banks will bo found quite stable and apparently exercising 
no markcxl lateral pressure when first excavated, and, except in gravel, 
the excavation, if made quickly, may asually be carriixl to a considerable 
depth; but as the banks are allowed to stand, it will be noticed tliat the 
soil gradually, and sometimes rapidly, changes in character, expanding 
from roloase of pressure or other cause, showing cracks at the surface, 
raveling and flakmg off in small pieces. Some of these changes may 
be due to drying out of the moisture in the biuiks, or on the other hand 
to on increase in moisture, in cither case retlucing the cohesive qualities 
of the soil. The increase in moisture often results from the gradual 
seepage of water, from water-lroaring strata cut by the excavation, into 
the soil of the banka, tending to soften certain strata relatively dry before 
the excavation of the trench changed the conditions. In cities there are 
often leaks in water pipes and sewers, the drainage from which will 
work toward a nearby trench and cause a gradutd saturation of the 
lower portiojfs of the banks. Sudden and great changes are often caused 
by rains, which in a short time may .saturate from top to bottom a bank 
which had before contained only enough moisturo to assure its stability. 

While the tendency toward changed conditions, duo to a decrease or 
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increase in the moisture in the soil, cannot be over-emphasised, the 
changes due to other causes arc equally important and productive of 
danger to life and property. The most potent of these is the failure to 
sheet and brace the trench properly, thus causing voids behind the 
sheeting. Such voids, once formed, jiermit the gradual loosening of the 
soil, from the vibration caused by driving the sheeting and braces, the 
operation of the excavating machinery and the passing of cars or trains. 
It is often necessary to place unusual loads upon the groimd clo.se to the 
banks, wliich may cause tlio soil to yield if there are voids behind the 
sheeting. Movements of the earth due to any of those causes result 
in changed, and often greatly increased, pressures and loads upon the 
shetding, and may also result in changing the point of application of the 
resultant earth pressure upon it. 


CALCULATION OF EARTH PRESSURES 


Rankine’s Formula.—Metho<ls of calculating the pressure exerted 
by the earth against vertical and inclined pianos have been evolved by 
Coulomb, Ilankino and several later investigators. Most of these 
methods are based upon the fundamental assumptions that pressure is 
exerted laterally by a wedge-shaped prism of earth, ABC, h’ig. 102, which 
is just on the point of sliding along a plaiu! of rupture, BC, and exerts its 
greatest pressure at the toe. Fig. 102 illustrates a trench with the 
surface of the ground horizontal on one side and at an angle $ with the 
horizontal plane on the other. The symbols used in the figure and in the 
fonnulas, are as follows; 

IV = weight of unit volume of earth, assumed to bo 100 lb. per cubic 
foot. 

P = resultant prossuro of the mass of earth, prevented from sliding 
by shcHiting. 

ff = horizontal component of P. 

tt> = the angle of rejrose DUE of a particular soil. 

9 = angle, DAF, of surface of surcharge, with the horizontal plane. 

h = depth at any point below surface. 

p = intensity of horizontal pressure, in pounds jsjr square foot, at 
any depth, h, below the surface. 

This theory disregards cohesion, wliich is generally an active force 
of varying amount in all soils. 

Ilankine's formula, modified for special proWems, is convenient for 
calculating earth pressures and is typical of the others. This formula is 



tcA® 

cos 0 X 

2 


cos 9 — Vcos* 0 — cos* 10 
cos 9 -f- t/cos* 9 — cos* <0 


In evolving this formula it is assumed that the 
18 


plane against whil^ 
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the lateral pressure is exerted, or the sheeting, is vertical and that 
the resultant cartli pressure, P, is parallel to the surface of the ground 
Ordinarily m cases where the earth is sloped sway and up from the 
vertical plane it may be assumed that the angle e between the surface 
of the ground and the horizontal plane is equal to the angle of repose e, 
in which case the formula becomes, ’ 


If there is no surcharge and the surface is horizontal e will miual zero, 
and the formula becomes, 

/> = // = "f X I:^ 

2 1 + «ui 

In all cases if it is assumed that the direction of the resultant jircssure 
/' is parallel to the surface of the ground 


IJ = P cos e 

If the angle of repose is reduced to zero, us in the ciiso of a liquid, the 
formula becomes. 


In all cases P varies as the square of the height of the bank, as in the 
case of a li(|uid, and it has therefore been assumed by most engineers 
that the resultant earth pressure, P, is applied to the sheeting at a point 
one-third the height from the bottom. The intensity of pressure at 
any point may bo found by the formula, 

‘iP 

h 


It is generally assumed in calculations of this kind that the angle of 
repose is 30°. The formula then becomes. 


and 


f = // 


icA’ 

0 



Those last formulas arc simple and for practical purposes are all that 
need be used to obtain a general idea of the force* which sheeting and 
bracing are likely to have to withstand. 

If ail additional load is placed upon the banks, other tlian that due to 
earth cast out of the trench which, if sloped back at an angle equal to 
the angle of repose, or say 30°, can be cared for by the formula, tha 
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weight of such additional load should l)o calculated and reduced to an 
equivalent depth of superimposed earth, thus correspondingly increasing 
//, in which case the surfaces should be assumed to be horizontal. In 
estimating the loads likely to come upon the shoring, du(i consideration 

TaBI.E 47,—I.STENSITV OF IbjRIZONTAL PuESSUKE AND ToTAL HORIZONTAL 
PHK.SseHE OF 1‘hAKTH AT VaRIOFS DEPTHS 


(W — ion pounds fST cubic fisit; = dO". // and P are |M'r foot of tmnch) 



llDritOlllllI H 

rlitcc 


8un-liiir«t‘8 B - 

'.in'* 

h 

ft 

Jl - j "Vi 

JMrumlH 

n T /» « 

1 if/i» 
ptmrulH 

h 

ft 

fi r(»s 0 • 

) wh 
poundfi 

II ^ P C<18 9 

-• 1 wh^ 

pounds 

1 

:t;i 

17 

1 

75 

38 

2 

87 

i 87 

2 

1,50 

1,50 

3 

10(1 

1 150 

3 

225 

338 

4 

\Xi 

287 

4 

300 

600 

5 

187 

417 

5 

37.5 

938 

6 

200 

800 

8 

450 

1,3.50 

7 

2;i:j 

817 

1 

,525 

1,838 

8 

287 

1,087 

K 

600 

2,400 

9 

300 

1,3.50 

« 

875 

3,038 

10 

333 

1.887 

10 

750 

3,7,50 

n 

387 

2,017 

11 

825 

4,538 

12 

4(K) 

2,41HI 

12 

000 

5,400 

13 

433 

2,817 

10 

975 

6,338 

14 

487 

0,207 

14 

1,0,50 

7,350 

15 

500 

3,750 

15 

1,125 

8,438 

10 

533 

■ 

4.207 

16 

1,2(KI 

9,600 

17 

587 

1 4,817 

17 

1,275 

10,838 

18 

C(M) 

5,4(81 

18 

1,3,50 

12,1,50 

19 

833 

8,017 

19 

1,425 

13,538 

20 

607 

8,887 

20 

1,500 

15,000 

21 

700 

7.3.50 

21 

1,575 

16,538 

22 

733 

8,(Hi7 

22 

1,8.50 

18,150 

23 

767 

' 8,817 

23 

1,725 

19,838 

24 

800 

9,800 

24 

1,800 

21,600 

25 

833 

i 10,417 

25 

1,875 

23,438 

28 

* 887 

1 11,287 

26 

1,9,50 

25,.350 

27 

900 

: 12,150 

27 

2,025 

27,338 

28 

933 

i 13,067 

28 

2,100 

29,400 

29 

967 

j 14,017 

29 

2,175 

31,538 

30 

1,000 

1 15,000 

30 


33,750 
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should be given to vibration, such as that caused by passing trains or 
other vehicles, the operation of excavating macliinery and the driving of 
piles. The effect of jar cannot be calculated, and the allowance made 
for it must be a matter of judgment. 

Table 47 gives the intensity of the horizontal pressure in pounds per 
square foot and the total horizontal pressure in pounds per linear foot of 
trench at various depths, calculated by the foregoing formulas, assuming 
the angle of repose to be 30 deg. in all cases and the surface of the earth 
horizontal, and also rising at an angle of 30 deg. 

A typical trench 10 ft. in depth, shored with a single set of sheeting, is 
illustrated in Fig. 102. The sheeting is shown driven to a depth of only 
1.5 ft., or to a point 1 ft. above the bottom of the trench. As more or 
less load is usually placed upon the banks, it has been assumed in the 
following calculations that the sheeting must also support a surcharge 
equivalent to an additional depth of 1 ft. of trench. This figure and the 
calculations are given simply to illustrate the methods and not as aug- 
gastivo of actual loads likely to bo placed upon the shoring. 

To simplify the calculations it has boon assumed that the typical 
trench Is sheetwl with poling boards 4 ft. in length, and that each brace 
must carry the load supported by the set of poling boards against wliich 
it is placed. If the trench were sheeted with the ordinary vertical 
sheeting the pressure would bo somewhat differently distributed, 
bis'ause the sheeting would act like a continuous beam. 

The results of these calculations by the Itankine formula are given in 
Col. 4, Fig. 102. It will be seen that the intensity of pressure varies 
with the depth of trench, as does also the total pressure, the maximum 
load being upon the bottom brace. 

Hydrostatic Pressure Sometimes Exerted on Sheeting.—Occasionally 
conditions are such tliat water will accumulate in the soil back of the 
sheeting, so that the pressure exerted may approximate that which 
would 1)0 due to an equal depth of water. This is probably the most 
severe condition encountered in the sheeting of trenches, except under 
extraordinary circumstances and unless it can bo conceived that a bank 
of sand might thus be converted into a fluid or quicksand, havmg a 
weight greater than that of a corresponding volume of water. 

Such a theory must be based upon the assumption that the particles 
in the mass of earth, held in position by the sheeting, are devoid of cohe¬ 
sion and free to move as arc the particles of a fluid, and that the pressure 
from the overlying particles may bo transmitted vertically to particles 
below, and laterally through them to the sheeting, in other words, that 
the earth, if permitted, will flow like a fluid. If this theory were 
correct in all respects it would follow that tlic pressure of the soil in the 
banks would be exerted on the soil in the bottom of the trench, causing 
it to flow up or rise within the sheeting with a pressure equal to Uiat 
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exortod on tho sheeting at the bottom of the bank. Experience indi¬ 
cates that this condition rarely, if ever, exists, although it is not uncom¬ 
mon to encoiuiter expansion in soils and water-bearing strata of fine 
sand which will flow through cracks in the sheeting and which will at 
times boil up within the trench. Such flowing sand, however, usually 
reaches a state of e<)uilibrium after it has flowed into the trench to a 
depth of a few feet abovi! its original bottom. This would seem to 
indicate that even under these conditions the material is not free to act 
like a fluid, else the trench would become filled with the quicksand. It 
seems probable that only a limited quantity of the sand near the trench is 
converted to a fluid condition and that after this has flowed into tho 
trench and created a greater prc.ssurc within than formerly existed, 
there is an insufficient (|uantity of fluid sand to continue filling the 
trench and conditions for a time become similar to those previously 
oxisting, when the banks of the trench follow the laws of earth rather 
than of fluids. If, however, there is an ample supply of water the 
sheeting may Iks subject to irrossurcs closely approaching those due to a 
similar depth of water. 

For the purpose of comparing the hydrostatic pressure with that 
which may be developorl by the soil, in accordance with Rankine’s 
theory, the hydrostatic pre.s.suroa liave bex-n calculated for the typical 
trench. Fig. 102. These pressures are probably very rarely, if ever, en¬ 
countered in practice unless it be in connection with subaqueous work, 
but they may bo helpful as indicating tho extreme limit of pressure 
which may l>e encountered. 

It has txjen assumed in making those calculations that tho height of 
the fluid exerting pressure on sheeting was the same as tho height of tho 
banka of the trench and the pressures have been determined as follows; 

A “ tho height of fluid. Fig. 102. 

w “ weight of water, 02.5 lb. jjcr cubic foot. 

tt'A^ 

P •= 2 “ pressure on sheeting for a trench 1 ft. in length. 

p = ii,A = intensity of pressure at any point. 

Under hydrostatic conditions the resultant pressure would, of course, 
be at a point one-third of the distance from the bottom to tho top of the 
trench. 

It will bo seen by comparing Cols. .3 and 4, Fig. 102, that the Rankine 
formula gives pressures which arc approximately half os great as the 
hydrostatic pressures, assuming an angle of repose of 30 deg., the weight 
of earth to J)e 100 lb. per cubic foot and the surface of the ground to be 
horiiontal. 

Meem’i Theory of Earth Pressures. —In a valuable article upon “ The 
Bracing of Trenches and Tunnels, with Practical Formulas for Earth 
Preeauree,” Transactions American Society of Civil Engineers, voL lx, 
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p, 1, J. C. Meom presented a theory of tho action of the banks of a 
tronch by which tho resultant pressure acts at a point two-thirds tho 
distance from the bottom to tho top instead of one-third, as proposed 
by Rankino, Coulomb and others. While this theory may be supported 
by many conditions wliich have been encountered in work of this 
kind, experience leads us to say a word of caution, because there have 
been so many cases in which tho pressures have increased greatly witli 
apparent lowering of tho point of application of tho resultant prossuro 
as the trench stood open. Referring to Fig. 102 and changing the 
symbols from those used by tlio author to those used hertun, Mr. Meom 
may be quoted as follows: 

“In all his experience, the writer has used the diagram (Fig. 102) for 
calculations of earth pressure, whether applied to retaining walls or to 
sheeting and Iiracing. 

‘‘If AB he the line of the sh(*eting, and DB the natural slope of the earth, 
<p being the angle of repose, tlien the mass of earth causing pressure against 
the line AB is contained within the triangle, DAB. 

“The weight of the earth in this triangle rests on DB, and its thrust is 
transmitted to AB, not tlirough the toe of each layer at the foot of its slope 
line, Imt by the arching effect of this enrtli between the lines, AB and DB, 

"For purposes of calculation, it is probably not far from corr(*ct to assume 
that a line, CB, bisecting this angle, ABD, measures witli AB an area equiva¬ 
lent tt> the weight transmitted as thrust against this lino, AB. Also, it is 
true lliat the center of pressure against AB is where a perpendicular from 
the center of gravity of the triangle, ACB, meets this line. 

"The writer is fully aware that in making this assumption he is going 
contrary to the general iheoiy', which assumes that earth pressure acts along 
the line of rupture and parallel with that line, and is thendore greatest at tho 
toe,but he wishtjs to state that this theory is not borne out in actual practie>c, 
and that all closely sheeted well-hrmrd trenches invaruUdy show o heatier 
pressure at the top than ai the buiiorn.'* 

Mr. Moem stated that if particles of soil were absolutcdy without fric¬ 
tion and if their weight were transmitted cumulatively entirely and 
dirt-ctly to tho bottom, then tho older theory, that tho rosultunt pressure 
acts at ono-tliird of tho distance from bottom to top of tho bank, would 
Iw true. Ho does not believe tliis condition to exist in nature, however, 
and points out that a bank seldom exerts much lateral pressure at tho 
bottom and that it may usually bo undercut near tho bottom by the 
use of poling boards and very light bracing, and that if the bracing abovo 
has boon poorly dono, so that tho stability of the mass has boon disturbod, 
tho prossuro of tho soil will manifoat itself “by the continual dropping of 
masses of material from above, rather than as a constant pressure, as 
would have boon tho case had tho material been full of water or ab¬ 
solutely, frictionless. ... It may be, and the writer has frequently 
observed also, that the lower part of a trench may be left unsheoted 
.... and for a considerable distance longitudinally in clays and 
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mout sands, without disturbing the stability of the face, and yet more 
or less heavy pressure may be observed in the bracing above.” He 
stated that this can only be explained on the theory of the arching effect 
of the material above, one buttress of the arch being the sheeting and 
the other the plane of repose. He pointed out further that heavy pres- 
surM are frequently developed in the top braces and rangers while 
excavation is being safely done beyond the limits of the sheeting at the 
bottom and “that it would be suicidal to remove any one of the braces 
near the top of the excavation, particularly after the ground had stood 
for any considerable! time.” 

Changing the symbols and referring to Fig. 102, Mr. Meem’s formula 
is as follows: 

If ^ = the angle of repose, 
a = 90° - 


f 


u 

2 


the angle betweem the line of rupture and the sheeting. 


h = height, 

XL' = wenglit of 1 fu. ft. of earth. 

IP tan r , , . , , , 

, and tlie weight of the mass of earth 


Then the urea ABC = '■ 


, ,, U fl lull t 

causing pressure on AB - ^ 

‘ The resultant pressure of this mass would occur at two-thirds of the 
height. 

“In the case of a weli-shected and braced liank, there would be no 
overturning moment, hut there would be a thrust, represented by the 
general tendency of the triangle ABC, to slide along the line BC, and 
therefore move out and exert pressure in a horizontal direction.” 

In summing up his opinion, Mr. Meem states that he believes that the 
action of the earth pressure in properly braced trenches is more closely 
allied to tliat of a coherent solid than to tlnat of an aqueous or frictionloss 
mass. 

If Mr. Meem’s theory of the action of the earth in causing pressure 
upon sheeting is correct, the pressure at or near the bottom of the 
trench would be much lighter than tliat near the top and it would, there¬ 
fore, be logical to use lighter timbering at the bottom as has been done 
by Mr. Meem with apparent success. The conditions wluch ho points 
out as proving that the pressure at the bottom of a trench is lighter 
than at the top are certainly worthy of consideration because they are 
commonly observed. It is not improbable, however, that they are duo 
to the faat that the bonds of cohesion in the bottom layers of the soil 
have not been broken to the extent that they have been severed near 
the top, except where the excavation is in wet material. The angde of 
repose of the soil naturally becomes greater the deeper the excavation is 
\iado, and the cohesive forces are undoubtedly greater because of the 
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greater compression upon the soil. Those assumptionSf if well founded, 
are sufficient reason for the lack of pressure so often noted at the bottom 
of trenches, but it is a serious question if these assumptions or the 
conditions actually obsen’^ed in practice warrant the adoption of Mr, 
Meem’s theory. As has been herein pointed out several times, the 
conditions do change from day to day as a trench remains open, and 
there have been many instances where a bank has apparently exerted 
little or no pressure at the bottom, when first exposed, but where condi¬ 
tions have so changed that very great pressure Inw been exerted upon 
the bottom timbering l^efore the excavation was refilled. It is this 
clmnge in conditions wliich loads most practical sewer builders to adopt 
at. U^jist as heavy timber for the bottom as the top of their trenches, and 
most engineers to the adoption of the Uankiuo theory of earth pressures. 
In a word, it may be said that Mr. Meem’s theory is well supported by 
conditions observed when trenches are first excavated, or so thoroughly 
well-braced that the bonds of cohesion are not severed to any material 
extent, but tliat conditions approach the theory of a frictionloss mass, 
after Rankine, as these bonds of cohesion are severed and the banks 
clnuigo their physical condition and position. 

Unfortunately, relatively little timbering is so well done that no 
movements or changes of this kind take place and trenches miut con¬ 
tinue to be so braced as to be side under the changed conditions. In this 
connection it may be of interest to cite observations matle during the 
construction of a large well described in an article by Ix'onard Metcalf 
entitled ''Difficulties Kneountered in Building the Storage Well for the 
Sew'erage System of Concord, Mass.,'’ Jour. Assoc, hng. Socs., vol. xxiv, 
page 277. The material at the site of this well was very fine sand with 
sufficient water to make it flow. The bracing was of the cellular, fan¬ 
shaped type. When the sheeting began to fail because of the movement 
of the material and the changed condition of it, the bottom line of 
10 X 10-in. yellow-pine timbers was reduced to 6 in. across the grain 
by the pressure on the braces, although the top set showed no such 
fatigue or crushing. The timber structure had stood for months before 
the heavy pressures developed. 

In the discussion following the presentation of Mr. Moem a paper, 
many points were brought out, some of which may be briefly quoted 
with interest to the reader; 

“Quick operation spares many a patient, and the thought persistently 
comes, with respect to attempts at formulating probabilities, that what 
might be accurate, allowable, and advisable for an energetic construction 
gang with a clear field and all obstacles, legal and official, removed, might 
be questionable when the above agencies have full play for a considerabki 
time in a busy street" (Horace J. Howe, p. 24). 

“The properties of earth with respect to adhesion and friction are so 
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variable that the engineer should never trust to tables or to information 
obtained from books to guide him in designing earthworks, when he has it 
in bui power to obtain the necessary data either by observation of existing 
earthworks in the same stratum, or by experiments'' (Hankine, quoted 
by Howe, p. 25). 

'‘The experienced ma/» will probably prefer to rely on his own Judgment, 
as every case h/is to be studied by itself, and the more one has to do with 
earth or wafer preasures the more re.spirf he has for their power and the less 
liberty he takes with them, 'rhere is probably not an experienced founda¬ 
tion man in the country who has not a(*en cofterdam bracing collapse, 
sometimes at the bottom, Honietiine.s half way up, and elsewhere. 

‘^In diseussing fluid pressure, tlie author douhts if the full hydrostatic 
pressure would ))e found at the bottom .... the conclusion is that in 
some eases the full pressure doe.s lujt occur, in many it docs, while in others 
the pressure i.s mtn'h greater than the hydrostatii^ head would call for. 

“In pneumatic caitwons in (piicksand in N('W York City, where the caissons 
are sunk with as little <lisfurl»ancc «tf the ground as possible, it is found nec¬ 
essary to k(H',p the air pn*ssun* almost exai'tly at the theoretical water 
pressure. Many want to calculate the prcs.sure at from 00 to 100 lb. per 
cu. ft., including the weight of water and sand” (T. Kennard Thoinstm, 
p. 46). 

“Do not take chances, but l*e safe You must not put in a 6 X 6-in. 
stick because ‘theory' says it will lioM, but double the size, and perhaps 
double it again, unless you are ilcad sure of every condition surrounding 
the work. 

“The importance of driving the braces tight in an excavated trench, to 
prevcfit OH far as possihh' the movement (‘arth or saml back of the sheath¬ 
ing, has already be<'n brmight out. In the sjM'aker’s opinion, tins is a matter 
that dcaervea the closest attention, for, from the moment the. movement of 
the material commences, llie trouble U*gms” (R. A. Shailcr, p. 49). 

“In the construction of the Brooklyn Subway, with which the writer is 
connected, it was necesssary to cx(‘avate a trench averaging 30 ft. deep and 
6000 ft. long. The bank was composed of sand and gravel with some few 
boulders. The bracing, de.aigncd by Mr. Meem, had the larger biwjes at 
the top and smaller braces when approaclnng the bottom. In no single 
instance has any failure of the lower and lighter bracea been observed. 
Many instances of bending of the iipjar rangers, however, have been 
noticed" (H. P. Moran, p. 49). 

“The error most commonly made in appl> mg theorj* to practice is the as¬ 
sumption that the angle of repose rt'inams constant, no matter what 
the depth; this, of course, is not tenable. There is no reason why it should 
be constant, and every reason why it should not be. 

“In soil that has stood for ages in its original condition, the low’er layers 
wUl be very much more compacted than the upper ones, by reason of the 
pressure of the earth alwve. If exeaval ion Is carried deep enough, it is found 
that the earth is altno.st in the condition of rock, it is so compactly consoli¬ 
dated. By applying sufficient pressure to a sample of earth, say in a hydro¬ 
static press, it would be possible to make it almost as firm as soft rock. 
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“The angle of repose, therefore, would increase with the depth below the 
surface in some proportion as the compactness of the soil increased. Thin 
condition would apply, not only to clay and loam, but also to sand when not 
under the water line" (Eugene W. Stern, p. 64). 

Mr. Stern, by the use of Coulomb’s formula and by increasing the 
angle of repose as the trench became deeper, reached practically the 
results reached by Mr. Meem by the use of his theory. Mr. Stern 
closed his discussion with the statement that the principles enunciated 
by Mr. Meem are "radically wrong.” 

CALCULATION OF SIZES OF RANGERS AND BRACES 

The load on the rangers may be calculated with the aid of Rankine’s 
formula. The results of such a calculation, assuming the surface of the 
ground to be horizontal, the angle of repose to be 30 deg. and the weight 
of the soil to be 100 lb. per cubic foot, are given in Table 49, Col. 2. 
These calculations arc based upon the typical trench illustrated by Fig. 
102, assuming tliat it is 10 ft. wide to the outside of the sheeting. In 
practice, where the trench is in cohesive material and is not likely to 
stand 0 ])en a long time, it will be safe to assume onc-tlurd to one-fourth 
of the earth pressures given, and in cases where the material has lUtle 
cohesion and there is no danger of hydrostatic pressure, it will be safe to 
assume one-half the values given. 

The maximum bending moments on the rangers, spaced as indicated 
in Fig. 102, arc given in Col. 3. 

In calculating the sizes of timbers to be used, the allowable stresses 
have been based ujmn the values given for spruce in Table 48, taken 
from the Manual of the American Railway Engineering Association, 
1911. The working unit stresses given in this table are intended for 
railroad bridges and trestles having to sustain moving loads causing 
heavy impact, and in calculating the sizes of rangers the extreme fiber 
stress allowable in bending has been increased 50 per cent., or to 1500 lb. 
per square inch, as the load upon these in trench work more closely 
follows the static type and as the structure is shorter lived and a lower 
factor of safety is permissible. 

In Col. 5, Table 49, are given the sizes of rangers required to withstand 
the pressure developed by the earth, as given in Col. 2. These sizes 
are based upon the common practice of using rangers with their wider 
sides against the sheeting. The sizes vary from 6 X 6 in. near the 
top to 8 X 12 in. near the bottom and much exceed the sizes used 
under ordinary conditions. 

The rangers are assumed to be 16 ft. long and the braces spaced 8 ft. 
center to center horizontally, thereby making the rangers continuous 
over one support. This does not make the ranger any stronger undo' ft 
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uniformly distributed load, but docs make it stiffer and changes the re¬ 
actions and shear. The reaction on the end brace is that due to one 
ranger only. For braces where a butt joint in the ranger occurs, this 
amount should be doubled. If the rangers are only 8 ft. long, the 
reaction on the end support and the maximum shear will be u'1/2 in each 
case. 

The reaction on the end and center braces is given in Cols. 6 and 7. 
The length of the braces varies from 100 to 104 in., in accordance with 
the size of the rangers. 

The size of the braces has been figured by the following formula: 

Working stress per square inch = 1100 (1 - the formula for 

columns liaving a length in excess of 15 diameters. 
d = least width of brace in inche.s 
I = unsupported length of brace in inches. 

For short columns the working stress given in Col. 12 of Table 48 
may be used directly. 

The sizes of the end and center braces calculated in this manner are 
given in Cols. 9 and 10. Table 49. and are found to be smaller than those 
ordinarily used. 

The maximum shear on the rangers, given in Cols. 11 and 12, is found 
in all cases to be less than the average ultimate shear given in Col. 7, 
Table 48, but greater than the working shear given in Col. 8, Table 48. 
It is probable, however, that even under conditions which might make 
it possible for the earth to exert the pressures indicated in Col. 2, Table 49, 
rangers of the sizes indicated in Col. 5 will be sufficiently strong to 
withstand the shearing stress upon work of such temporary nature. 

The maximum compressive stresses of the center braces upon the 
rangers are given in Col. 13 and from them have boon calculated. Col. 14, 
the sizes of braces wliich are largo enough to reduce the compressive 
stress upon the rangers to 300 lb. or less per square inch. By comparing 
Cols. 10 and 14, it appears that the required size of a brace is limited by 
the oompreesive stress exerted upon the ranger, rather than by the 
compressive stresses in the braces themselves. This fact is emphasized 
by numerous instances in the experience of practical sewer builders, 
where the earth pressures have been sufficiently heavy to cause the 
braces to cut into the rangers to an appreciable extent, but have not been 
sufficient to cause distress in the braces themselves. 

As has ab-eady been pointed out, the cohesive qualities of soil in most 
cases prevent the immediate development of pressures even approaching 
those indicated by the use of the Ronkine formula. Sewers are usually 
constructed with sufficient rapidity so that the trenches are not allowed 
to stand open for long periods of time during which the cohesive qualities 
of the soil are subject to radical change. For these reasons, it is probable 
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that the pressures indicated in Col. 2, Table 48, are much in excess of 
those which will be encountered in ordinary sewer construction and 
it is probable that the unit workins stresses already suggested may be 
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upon one of the end braces. For example, where rangers are 6 X 6-in. 
spruce timbers, the center braces are usually 6 X 6 in. in size and the 
end braces are often reduced to 4 X 6 in. in size, and placed with the 
long side vertical. 

For the purpose of making a comparison of the sizes of timbers re¬ 
quired for shoring a trench, the results of similar calculations for water 
pressure and for earth pressure in accordance with Meem’s theory are 
given in Table 49. The differences between the results obtained by the 
use of the theories of llankine and Meem are very striking. 



Fia, 105,—Timbering used on tiic (imbridge suliwuy. 


Diagrams for Calculating Thickness of Sheeting and Sizes of Rangen 
and Braces.—In an article published in Enipneering-Conlrading, vol. 
xxxiv, page 76, Frank H. Carter presents two diagrams based upon 
Kankine's formula by means of which the tliickness of sheeting and 
the sizes of rangers and braces can be readily determined. In preparing 
these diagrams. Fig. 103 and Fig. 104, Mr. Carter has assumed the weight 
of earth to be 110 lb. per cubic foot, and that the angle of inclination of 
surcharge is equal to zero or that tlie surface of the surcliarge is lev^. 
He suggests, however, that the earth pressures found by the diagrams 
be di^ded by 2,3, or 4, as experience and judgment may dictate, before 
applying them to the other parts of the diagram. 

The author may be quoted as follows: 
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“In dosing the writer offers the following example (shown in Fig. 105) 
of recent trench excavation in dry sand and clay, designed and built by the 
Hugh Nawn Contracting Co. for the Cambridge Main Street Subway, the 
timbers of which had been holding up so well that the trench foreman 
decided to economize in the use of lumber, notwithstanding the approach 
of the trench to a four-story brick building within 10 ft. of the side of the 
trench. Stringers 10 X 8 in. and (toss braces 10 ft. on center longitudinally 
of the trench and 4 ft. on center vertically hud been used. The saving was 
made by increasing the vertical spacing of the stringers so that at a depth of 
21 ft. they were 5 ft. 10 in,, center to center. This would have stressed 
the 2-in. plank sheeting up to 2.'»00 to 8000 lb. per square inch, and the 

TantB 50. — Wooukn Beams. Be>,i>i.nc; Moments in Thou.sand Inch- 
POUNUS FOK A FiDEU StKESS OF 1200 FolINOK PER SqUARE InCH 
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1 2 
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1 6 
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2.0 
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2.4 

9.021.038.400 O; 80 3 1,53..5240 0347.0470 0015,0 
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11.225.244 870.0:101 0 179 (t280 0 405 0548,0715 0 
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M •» bending moment 
6 •= honzontal w,<lth of ranger 
(i vertical depth of ranger 


(Reference, Enffinemng arul Cimlriu-Hiig, ,bily 27, 1010, p. 70.) 

wales to about the same ffgure, by the u.sual theories, but from the appear- 
nnre of the timber itself there is scarcely evidence of any pressure whatever. 

To use Fig. KW on the example given, enter the upper left-hand comer 
of the diagram with a depth of 21 ft. and a slope of * = 40°, reading 500 
lb. preasure per square foot, thence running along the horizontal line to 
tte inclined line in the upper right-hand part of the diagram reading 
Distance bftween wales - 6 ft.’ read 19,000 in.-lb. bending moment, 
thence {BUowmg down the 19,000 Unc to the inclined line in the lower right- 
. ■.* ***^ lb. per square inch stress en 2-in. 

SAMtiag, allowing M “ (iiif*/8)r2, (an assumption excessively on the 
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side of safety except for the last span in a series of continuous spans). 
In the process of concreting the side walls, the rangers are removed, 
causing the 2-in. plank to span 8 ft. for a short time, instead of 4 ft. as oom- 

Table 51.— Safe 1a)ad8 fob Lono-Leaf Georoia Yblu)W-fine Coluuns 
OR Braces. (Pounds) 


U-ngth, ft 

4 X 4 ID 

0 X 0 in 

S X Sin 

10 X 10 in. 

12 X 12 in. 

6 

12,000 

33,000 

58,200 

94,000 

138,000 

8 

10,400 

28,000 

55,000 

89,000 

134,000 

10 

8,050 

25,800 

51,200 

86,000 

128,000 

12 

7,800 

23,400 

48,()(MJ 

82,000 

124,000 

14 

6,9(K) 

21,300 

44.500 

77,000 

118,000 

It) 
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19,300 

41,600 

73,000 

112,000 

18 


17,600 

38,8(K) 

68,(K)0 

108,000 

20 


16,200 

35,8(K) 

65,(KK) 

103,000 

22 

. . 

15,000 

33,600 

61,.500 

98,000 

24 


13,700 

31,,'JOO 

57,500 

93,500 

20 



29,400 

55,<K)0 

88,,500 

28 



27,500 

51,.500 

85,000 

30 



25,9(H) 

49,(MK) 

80,600 

32 



24,.3(K» 

47,(XK) 

77,000 

34 




44,000 

74,500 

36 




42,090 

70„5fl0 


Based on formula of U. S. Department of Agritmlturc, Div. of P’orestry. 



200 -f 1,V 

700 + IfK +‘c* 


) 


P = safe load 

I = length of column in inches 
d * least diameter in inches 

F =» ultimate crushing strength of column in pounds per square 
inch 
c = l/d 

P'actor of safety « 5 


(Reference, Engineering and Contracting, July 27, 1910, p. 77.) 


puled. The trench was dug in material which would probably assume a 
slope of 40® when exposed to the weather, hut the work was don© quickly 
and thoroughly and well underdrained, hence we may assume that the 
earth pressures arc but one-fourth of those theoretically developed. Divid* 
ing 600 by 4 we have 125 lb. per square fwit pressure. Entering the upper 
left-hand part of the diagram with a pressure of 125 lb. per square foot and 
running.ah)ng the horisontal line 125 lb. to the inclined line 5 ft. (distance 
between wales) we find a iMjnding moment of 6000 in.-lb., thence running 
down the vertical line representing 5000 in.-lb. to the inciined line in the 
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lower right-hand corner of the diagram, we find a stress of about 600 lb. 
per square inch for 2-in. plank sheeting, a figure probably not much exceeded, 
if at all. 

“To use Fig. 104 with the same problem, entering the upper left-hand 
comer of the diagram with a depth of 21 ft. and a slope of 40° we find as 
before a pressure .500 lb. per square foot. Kunning along the horizontal line 
to its intersection with the inclined line in the upper right-hand corner of the 
diagram marked (by interpolation) ‘5 ft. 10 in. between wales,’ we find a 
load of 2900 lb. per linear foot of wale at the given depth. Thence running 
down the vertical hue representing 2900 lb. per linear foot of beam to its 
intersection with the inclined line in the lower right-hand part of the diagram 
marked 10 ft. between cross bracing, we find a bending moment of 350,000 
in.-lb., assuming .W = 12icl*/10, also by interpolation we read about 
29,(KK) lb. load on each cross-brace as a column. Running along the 350,000 
lb. horizontal line to the lower left-hand comer of the diagram to 10 X 8-in. 
wales (outside the figure) we estmiatc 3200 lb. stress in the wale. Assum¬ 
ing as before that the horizontal earth pressure will not be developed by 
one-fourth and by going through the .same process as outlined above we 
find a stress of 8fXl lb. per square inch in the wale, a figure probably not 
exceeded. It is of course obvious from the equation of / = 3icl’/25A* 
that the stress in the extreme fiber is din-ctly proportional to te, hence we 
might have divided the high stress found from the theoretical earth pressure 
by 4. 

Table .511 is a table of resisting moments in wooden beams of various 
sizes and Table 51 gives safe loads on wooden posts, as developed from the 
formula of the V. ,S. Departmcnl of Agriculture, Bureau of Forestry." 



CHAPTER XI 


PURCHASING, HANDLING AND LAYING SEWER PIPE 

Pipe should be purchased under carefully prepared specifications. 
The price of sewer pipe is governed by standard list prices, Table 52, 
from which varjdng discounts are allowed at different times and by 
different dealers. The basic discount adopted by the eastern manu¬ 
facturers for standard 2-ft. lengths of pipe, from which others are 
computed, is 75 per cent.; 2 per cent, additional, or 77 per cent, total 
discount, is allowed if the purchaser accepts the pipe as delivered and 
stands the losses due to defective quality and breakage. On largo 
work, if the pipe is bought subject to inspection, the pipe companies 
often prefer to have the inspection done at the mill Ixdorc shipment, in 
order to save the los.se.s due to reshipment of rejected pipe. For this 
purpose they sometimes jirefer to maintain an inspector at the mill at 
their own expense during the manufacture and shipment of pipe. Cities 
of considerable size, which arc large regular customers of pii)e companies, 
often find that it is more economical for them to buy pipe as delivered, thus 
receiving the 2 per cent, additional discount, than to buy pipe subject to 
inspection. The difference between 75 and 77 per cent, off this list 
amounts to about 8 per cent, of the cost of the pipe at 75 per cent, off the 
list. Therefore, to make tliis plan economical, the losses due to breakage 
and inspection must fall within this 8 per cent. 

While it may bo possible to take advantage, of this additional discount 
when dealing with pipe companies known to be ab.solutely trust¬ 
worthy and capable of turning out satisfactory pipe, and thus save 
money under the 2 per cent, rule, it is hazardous to assume that tliis 
can be done in all cases, es{)ecially when dealing with untried manu¬ 
facturers. It is seldom safe to attempt this saving when lots of only 
one or a few carloads are required, as occasionally large portions of a 
carload are broken or it is necessary to reject most of a carload of pipe. 
Thus the losses due to breakage and bad quality of one or a few carloads 
may often run so high that they cannot t)C brought withintheSpercent; 
limit when averaged with all the pipe used on the job. Where a contract 
is very large, losses due to these causes ought to average well within 
this amount. 

Pipe should be inspected on the cars as it is being unloaded. Technic¬ 
ally a car will not be delivered by the railroad company until the receipt 
for it is signed by the consignee, the railroad at the same time having a 
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rulo that any claims for damage must be made at the time of delivery. 
This technicality is rarely insisted upon by a railroad agent, for it is 
impossible to inspect the pijM: until one is allowed to enter and unload 
the car and look over its contents. Before the receipt is signed, it is 
advisable to show the freiglit agent tlie memorandum of broken and 
cracked pipe, a copy of wliich should then b{i attached to the receipt and 
the latter returned to the railroad. Thi.s may save future correspondence 
and even disputes. An average carload of from 12 to 15 tons of 3-in. 
pipe contains about 3500 ft. of pipe, 4-in. .3000 ft., 5-in. 2000 ft., 6-in. 
1700 ft., 8-in. 1100 ft., 9-in. 1000 ft., 10-in. 700 ft., 12-in. 600 ft., 1.5-in. 
450 ft., 18-in. 310 ft., 20-in. 234 ft., 22-in. 190 ft., and 24-in. 160 ft. 
If a car has evid(uitly received bad usage in its passage over the railroad, 
its condition should be at once, calk'd to the freight agent’s attention 
before the receipt is signed, and its condition noted thereon. As a rule 
breakage exewding 5 per cent, of a carload is due to careless handling 
of the car by tin- railroad coin))any, and the cost of the damaged pipe 
may be recovered. 

Pipe Prices.—I’iiH- may be bought in 2, 2-1/2 or .3-ft. lengths. The 
3-ft. lengths, based on the standard 75 p(;r cent, discount, cost about 3-1/2 
per cent, more than t he 2-ft. lengths. From tlu' standpoint of the work¬ 
manship and the number of joints, and the consequent problem of 
leakage, 3-ft. lengtiis are much to be desired, their extra cost being 
more tlmn comix'iisated for by the lessened number of joints. On the 
other liand, the manufacturers unquestionably have somewhat greater 
difficulties in delivering i)ipc of tliis length, of uniformly satisfactory 
quality, Ixscause of the tendency toward warping, and there are also 
somewhat greater possibilities of breakage. 

There were three standard price lists for standard, double-strength 
and deep and wide socket pipe in the United States in 1913. These 
were known as the eastern, western and southern lists respectively. 
The first was used cast of the Illinois-Indiana boundary and north of the 
Ohio River. The southern list appliiKl to all .statre south of the eastern 
district and to LouLsiaua and Texas. There are now (1914) two 
western lists, the old and the new. Manufacturers at St. Louis, Kansas 
City, Denver and other western points are using the old list and those 
in Illinois, Minnesota and Iowa the new list. While the list prices in 
the new western schedule are much lower than those of the old schedule 
the discounts bring the net prices about the same. 

The manufacturers of vitrified sewer pipe issue from time to time 
discount sheets based on the standard list. For example, an engineer in 
the eastern district in 1912 would receive quotations in the following 
general form: The basic discount from the eastern list for 1912 for 
standard, straight pipe 3 to 24 in. in diameter, in 2-ft. lengths and 
carload lots, f. o. b. Boston or other Xcw England shipping point, the 



PURCHASING, HANDLING AND LAYING SEWBR PIPE 293 

purcliaser to stand lo^ from breakage and inspection, would be, say, 
75 per cent. The discounts on other claases of pipe than standard, 
when the standard is sold at 75 per cent, off, are given in Table 53. 
If the current discount on the standard was higher or lower than 75 per 
cent., the tabulated figures would be increased or decreased by the 
number of points which the current discount is higher or lower than 75 
per cent. The same discounts apply to the list prices for slants, branches 
and other specials. When the manufacturer stands the losses due to 
breakage and inspection, the discounts are decreased uniformly 2 
points. For cash payment in 15 days, 2 per cent, may bo deducted 
from the bill after paying freight charges. It should be repeated, these 
discounts are given merely as illustrations of the use made of the table. 

Inspection.—Vitrified clay pipe should be carefully insjHscted to make 
sure that it is of the quality required by the specifications and which 
the manufacturer agreed to furnish. Some manufacturers are suffi¬ 
ciently careful with their mill inspection of shipments to prevent a 
material number of rejections by the consignee on account of inferior 
quality. If this is not the case, it is usually bettor for both parties if 
the consignee sends an inspector to the factory to inspect the pipe as 
loaded. 

Inspection usually consists of “ringing" the pipe with a light hammer 
to see that it is not cracked, and carefully looking it over to see tlmt it is 


Tabce 52.—Kta.ndaui) List Pui.-e.s of Sewer Pipe and Specials in the 
United States, in Force September, 1919 
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each 

Eastero 

Wt-tfteru 

Southern 

Wt«terii 

Southern 

3 

to 30 




tl 

20 

II 

20 



4 

0 30 

t'» 

12 

$0 20 

1 

20 

1 

20 

$0.4K 

to 65 

f> 

0 45 




1 

KO 

1 

80 



C 

0.45 

U 

18 

0 30 

! 

HO 

1 

80 

0 72 

1.10 

8 

0.70 

0 

25 

0 50 

2 

80 

2 

KO 

1 UO 

2.00 

0 

1 0.) 





20 

4 

2U 



10 

1 05 

0 

35 

O.l..-. 

4 

20 

4 

20 

1 40 

2.76 

12 

1 35 

0 

45 

0 85 


40 

5 

40 

1.80 

3.50 

15 

1.80 

0 

65 

1 25 

7 

20 

14 

40 

5.20 

4.75 

18 

2.50 

0 

8o 

1.70 

10 

00 

20 

00 

O.KO 

6.60 

20 

3 00 




12 

CK) 

24 

00 



21 


1 

15 

2.50 





0.20 

8.2S* 

22 

4.00 




10 

DO 

32 

00 



24 

4 50 

1 

50 

3 25 

IM 

00 

36 

00 

12.00 

11.00* 

27 

0 50 



4.25 

26 

00 

52 

00 



30 

7 20 


. 

5.50 

28 

80 

57 

60 



33 

0 00 



0.25 

36 

00 

72 

00 



36 

10.25 



7.00 

41 

00 

82 

00 




* Curves each 
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Table 52.— Standard List Prices of Sewer Pipe and Specials in the 
United States, in P’orce September, 1919 — (Continued) 


EaaUm Lint 

Y OK T Bkanohek 





Multiply price per foot 

Diamrter, inches 

Lonutb,inclus 

Iniets, length, inches 

of straight pipe of 




Manic diameter by 

3 to 24 

12 to 24 

12 or lead 

4 

3 to 30 

30 or 3f’> 

12 or IcBB 


If) to 24 

30 and 3C 

16 or more 

7 

27 to 30 

30 and 30 

16 or more 

0 


Dfunt.v 

Jt’Vf’TIONH 


:i to 24 

24 

12 or less 

5 

3 to 3«i 

Bldic’f.hw and Inc’KKaskrh 

4 

3 to 3JJ Slants (tw 

1 fool f)r IfsH nicasuK 

d on long Side) 

4 

Wrrtrrn IjihI 

V ow T .1 

NfTKiNM 


4 uiiH 0 

24 


4 

8 

3(1 


4 4 13( 

10 

30 


4 + IK^ 

12 

30 


4 + 2:1 ( 

ir. 

30 


4 f 33 r 

IS 

30 


4 + 43f 

21 

30 


4 + r.Hf 

24 

30 


4 + 76^ 


l)ornj,K 

.1 1'NCTIONH 



24 


0 


30 


St 

.II VfTIONH WITH InI.KTH 

16 In and IaMiokh 



24 1 Add 5ti per cent, to list prices of 


30 J 

iunettons 



IsTRKAHKHH, DeC'IIKAMERM AM) Sl.ANTH 

4 

Snuthrrn /.ixl 

Y OK T Ji 

Vr’TIONB 


4 

24 


4 1 lOf 

0 

24 


4 h 16^ 

S to 24 

30 


6 


Double Jum'iionh 



•W per rent niori 

ihiiii single junctions 



Inchkahkiw 

AM) HkI)1 C»'KH 

1 


Table 511.— Typical Discounts from Sewer List Prices, in Force 
September, 1919 


Diameter, 

inches 

Standard pipe 

Double strength with deep and 
wide socket 

2 ft. 

2i or 3 ft 

2 ft 

2) or 3 ft 

3 to 34 

15 to 24 

27 to 30 

33 to V 

09% 

06% 

64% 

67% 

66% 

64% 

61% 

57r/c 

55%, 

59% 

57% 

55% 


not excessively warped or deformed, that the bell and spigot ends are 
well formed and that it otherwise conforms to the specifications. An 
experienced inspector with an accurate ear can ring and examine pipe 
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very rapidly, usually as fast as the pipe can be loaded on or unloaded 
from the car. For inspection, the pipe should bo stood on end, pref¬ 
erably the bell end, on the floor of the car. A single light tap of the 
hammer will then instantly disclose a crack if any exists, although it 
may be practically impossible to see it. If, for any reason, it is necessary 
to find the crack, this can usually be done by rubbing the inside with a 
piece of white chalk, afterward wiping the chalk around and at the 
same time tapping the pipe lightly with the hammer. The crack will 
then be easily visible, filled with white chalk. Many a dispute has lieen 
settled in this way, without any harsh words. A record should bo 
kept of the number of pieces of pipe and specials of each size in each car 
received and of the numlier rejected and the roa.son for the rejections. 
The blank form used for this purpo.so should have spaces to receive the 
number of the car, as “57203 P. R. R.,” the general title of its contents, as 
“8-in. Akron pipe,” the location where the car was set, as “yard,” the 
date and time of the receipt and the complete unloading of the car, the 
name of the teamster taking away the pipe, a complete list of the 
contents as billed, a statement of the place of their delivery, a complete 
record of the rejections, the name of the man accepting the record and 
the data of acceptance, the railroad from which the shipment was 
received, and the date the records were received at the head office of the 
sower department. 

Inspection at the factory cannot wholly take the place of inspection at 
the point of unloading, and in fact the only way to Iw sure tliat cracked 
pipe do not find their way into the trenches is to inspect them on the 
ground just as they are about to be laid. 

Tests.—In Illinois, Iowa, and other states whore a large amount of 
cement pipe is used annually, attention has l>e(!n given to testing pipe as 
delivered, and several inexi)enaive and light machines have l)eon devised 
for such work. One was designed under the direction of Prof. A. N. 
Talbot which has a wood frame and can Inj moved readily from place 
to place along the trench, if the pipes are cast on the job and must be 
tested there. A lever having a 1:10 leverage extends out from the frame 
and its end is grarlually loaded with known weights until the pipe is 
broken. The pipe is held at the bottom on two narrow supports about 
2 in. apart and the load is applied along a single lino at tlie top. The 
difference in bending moments when the pipe has a single support at 
the bottom or two supports close together is so snmll that Professor 
Talbot regards it as unimportant in most practical work. C. W. Boyn¬ 
ton, testing engineer of the Universal Portland Cement Co., designed a 
machine for field testing which consists of a frame carrying a screw 
operated through gears by a hand-wheel. The pipe is placed between 
a horizontal chock on the lower end of the screw and a chair resting on a 
platform scale supported by tlic bottom of the frame carrying the 
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screw. The chair has two lialf-round irons 2 in. apart on which the 
pipe rests. The chock has a half-round through which the load is 
applied to the top of the pipe. When the pipe has been placed on the 
chair the scale beam is balanced; on the end of the beam is a bucket 
into which water is admitted from a tank on the top of the frame as the 
load is applied by the hand-wheel. 

Where the Iowa pipe specifications are in force, which require the 
load to be applied to the toj) (|uadrant of the pipe and the support to 
extend around the bottom (juadrant, the te.sts are made by machines 
designed under the dinsdion of Prof. A. Marston, of Ames, Iowa, who 
will supply detailed blue-prints from which any good mechanic can 
make one. There are three sizes of these machines. The Ames Junior 
is for pipe up to 18 in. and in it the load is applied and the pipe is sup¬ 
ported by sand boxes. Above the upper sandbox is a jackscrew capable 
of loading the pipe with a total pressure of (MKK) lb., which is as much as 
the ordinary scales on which the lower sandbox rests will carry safely. 
The Ames Senior machine is the .size recommended for testing largo pipe 
where the apparatus must be shifted. The pressure exerted by the 
jackscrew is transmitted through a lever to platform scales and the reduc¬ 
tion in pressure due to the leverage has enabled the machine to be used 
successfully in testing pipe reciuiring a load of 24,000 lb. to break them. 
The Amos Standard machine has the same capacity but is not portable. 

The tests made under the Iowa specifications are as follows: 

AbsorplUm 7V»/.—1. The speeiinens shall be approximately 3 in. square, 
and shall exteml the full tluekueas of the pipe wall, with the outer skins 
unbroken. 

2. Jdve individual tests shall constitute a standard test, the average 
of the five and the result for each specimen being given in the report of the 
teat. 

3. Each specimen shall be dried in an oven, or by other application of 
artificial heat, until it ceases to lose further appreciable amounts of moisture 
when repeatedly weighed. 

4. All surfaces of the specimens shall be brushed with a stiff brush before 
weighing the first time. 

6, The specimens shall be weighed immediately before immersion, on a 
balance or scales capable of accurately indicating the weight within 0.1 
per cent. 

6. The water employed shall be pure soft water, at the air temperature of 
a room which is artificially heated in cold seasons of the year. 

7. The sfiecimena shall be completely immersed in water for a period of 
24 hours. 

8. Immdfliately upon being removed from the water, the specimens 
shall be dried by pressing against them a soft cloth or a piece of blotting 
paper. There shall he no rubbing or brushing of the specimen. The 
reweighing shall be done immediately wdth a balance or scales capable of 
accurately indicating the weight within 0.1 per cent. 
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9. The result of each absorption test shall be calculated by taking the 
difference between the initial dry weight and the final weight, and dividing 
the remainder by the initial dry weight. 

Tests of Bearing Strength. —1. The specimens shall l)e unbroken, full^eiied 
samples of the pipe to be tested. They shall be carefully selected so as to 
represent fairly the quality of the pipe. 

2. Five individual tests shall constitute a standard tost, the average of 
the five and the result for each specimen being given in the report of the test. 

3. The specimens shall be dried by keeping them in a warm, dry room 
for a period of at least two days prior to the test. 

4. Each dried specimen shall be weighed on reliable scales just prior to 
the test. 

5. Fiach specimen shall be accurately marked, with pencil or crayon lines, 
in quarters, prior to the test. Specimens shall be carefully bedded above and 
below in sand for the one-fourth circumferenc<* of the pipe, me-asured on 
the middle line of the pipe wall. The depth of bedding above and below the 
pipe at the thinnest point shall be equal to one-fourth the diameter of the 
pipe, measured between the middle lines of the pipe walls. 

6 . The top bearing frame shall not be allowed to come in cfmtact with the 
pipe or with the test load. The upper surface of the sand in the top Imaring 
shall be carefully struck level with a straight edge, and shall be carefully 
covered with a heavy, rigid top bearing, with lower surface a true plane, 
made of heavy timbers or other rigid material capable of uniformly distrib¬ 
uting the test load without appreciable l)ending. The test load shall be 
applied at the exact (tenter of this top bearing in such a way (either by the 
use of a spherical bearing, or by the use of two rollers at fight angles) as to 
leave the bearing fiw to move in both directions. In case the test is made 
without the use of u machine, and by piling on weight, the weight may be 
piled directtly on a platform resting on the top bearing; provided, however, 
that the weight is piled in such a way ns to insure uniform distribution of 
the load over the top surface of the sand. 

7. The frames for the top and bottom bearings shall be composed of timbers 
so lieavy as to avoid appreciable bending by the side pressure of the sand. 
The frames shall be dressed on their interior surfaces. No frames shall 
come in contact wdth the pipe during the test. A strip of soft cloth may be 
attached to the inside of the upper frame on each side along the lower edge 
to prevent the escape of sand between the frame and the pipe. 

8 . The sand used for bending the pipe at top and Imttom shall be washed 
sand which has passed a No. 8 screen. It shall be dried by keeping it spread 
out thin in a warm, drj' room. 

9 . Tlie test load shall l)e applied gradually and without shock or distiirb- 
anoe of the pipe. Tlie application of the load shall l)e carried on continuouiSy, 
and the pipe shall not \ye allowed to stand any considerable length of Umo 
under a load smaller than the breaking load. 

10. The total breaking load shall be taken as equal to the total top load, 
including the applied load, weight of top frame, sand for top bearing, top 
bearing timbers, etc., plus five-eighths of the weight of the pipe. This 
total load shall be divided by the length of the pipe in feet so as to give the 
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(learinx strength per linear foot of pipe. In testing sewer pipe the bells shall 
be bedded and loaded, as well as the body of the pipe, and the length over 
all should he usc'd in computing the bearing strength per linear foot. 

The MmIuIuh of Rupture. —The modulus of rupture of drain tile and sewer 
pipe shall be computed by the following rule: Divide the bearing strength 
in pounds per linear bait by 12, and multiply by the radius in inches, 
measurer! to the center line of thr* pipe wall; then divide this product by the 
squartuif the top or bottom thickness of the pipe wall in inches. The 
quotient will be tlu* modulu.s of rupture, in pounds per srpiarc inch. The 
average thicktiess of th(‘ pi[)e wall shall l>e carefully measured at the top of 
the pipe, and also nt the h<»ttom, and the smaller of the two average thick¬ 
nesses shall be used m the computations. 

The ulworption and breaking loads of vitrified clay and cement pipe 
tC8t(Kl by tlie Iowa iiH‘tliod.s are given in VoIuiik? I. 

The of sewrT pipr* niad(‘ by the Brooklyn Huroau of Sewers are 
carried out in a 75,{K)0-lb. Hi(‘hli5 crushing machine large enough to 
receive a f>i|M‘. The pipe i.s not Ix'dded in sand, which the 

Hureau l>elieveH inerriasr's the effi'ct of the bell on the total breaking 
strength to a maximum. Aer'ording to (1 T. Hammond (Proc. Am, 
Soc. Tost. Mat., xi, S52), ‘‘the bell adds to the .strength of the bell-end 
of a pipe exiiased to a crushing load and tiie effect will vary with the 
length of the barrel of llin pipe and also with the v:iriou.s conditions 
involved in the test. The effect is greiiti'sl on short lengt h.sof pipe; Urns, 
a 24-in. length of piiK' with a liell will gi\e a higher crushing load per 
foot than will a liO-in. huigth witli a bell, the liarrel portion of whieh is of 
equally strong malt'rial. Again, a iiipe witliout a bell will break under a 
lower crushing load than a pi|>e of the .sami' size of no better and no 
stronger matiTia! provided with a bell." 'I'he load is applied, in tlio 
Brooklyn tests, through a strip of plaster of Paris I in. wide, jdaced on 
the pi])e lK?twecn two wooden strips, into wlimh the “knife" fits and 
into whieh it is put while the plimter is soft. The wood strijw are 
removed befon* the teat begins. • Th(‘ barrel, but not the bell, of the pipe 
rests on a bod of sand which appears to de\elop a reaction ovit about 
10 deg. of the circumference of the section. There has Wn some talk 
of abandoning this metliod of supimrt in favor of a knife edge at the 
bottom 08 well as the top, not only Ix'cause this is believed to give the 
greatest uniformity in the results but also because the unit strength of the 
material can be more easily and exactly determined from the te.st results. 

At Kansas City, Mo., both cement and clay pipe &Te rt'gularly tested 
(1013) to determine if they comply with these rtHpiirements: 

IlydroBtatii^'st: Untreatnl pipe shall show no percolation up to 10 Ih. 
pressure and shall resist fracture at 33 lb. pn'ssurc per square inch. 

Crushing test: When 8Up{>orted on a bed of sand, so that an even bearing 
is provided throughout the length of the pi^ie, the various sixes of pipe shall 
withstand the following pressures in pounds per linear foot applied at the 
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crown uniformly alon(? a line 1 in. wide and extending the whole length of 
the pipe exclusive of the bell: 

Sixe, inches. 6-8 9 10 12 15 18 21 24 

Pressures, pounds. 1000 1050 1100 1150 1300 1450 1700 2000 

Tile hydrostatic test is conducted in an apparatus designed to prevent 
any other pressures being exerted on the interior of the pipe than those 
normal to the shell. In the apparatus first used there was some doubt 
whether rupture was caused by true tvater pressure on the shell or by a 
wedge action of the head used for closing the bell. In the improved 
ap]).aratus both ends are clo.sed by heavy rublier cups held in place by a 
frame, described in Engineering Newa, March 20, 1913. 

HANDLING AND STORING PIPE 

It is a w'aste of money to inspect pipe and then by careless handling 
run the risk of breakage before they are finally laid in the trenches, 
dare should be taken in unloading and piling, and pipe should always 
be hauled in a vehicle jirovidod with good springs. Tliat the pipe are 
briltle and easily broken, should always be borne in mind by the men 
handling them. The men .should be required to load the pipe carefully 
on the wagons, not only so as to reduce the danger of cracking them but 
also to insure full loads for teams. With a two-horse wagon having a 
body about 12X4 ft., 24 ft of 24-in. pipe will be a loud, ;13 to 45 ft. of 
20 and 22-in., 60 to 00 ft. of 15-in., 90 ft. of 12-in., 114 ft.of 10-in., 150ft. 
of 8-in., 225 ft. of 0-in. and 375 ft. of 4-in. 

Pipe up to 24 in. in diameter are usually handled from the cars to 
wagons by hand. For sizes larger than tliis, wliich, however, are not 
much used at the present time, an ordinary guy derrick is convenient, 
although not absolutely necessary, as it is possible, by means of chutes, 
to handle the pipe by hand. Large cities should have yards for the 
storage of pifie and temiiorary yards may be desirable nearer work of any 
magnitude. The pipe should be stored in piles, the liells of one row 
alternating with the spigots of the next row on top, so that the different 
layers of pipe maintain a generally horizontal position. The ends of 
these piles must bo sloped well back and blocked, so that there is no 
possibility of starting a run of the pipe in the lower rows, which would 
be disastrous to the whole pile. liranchcs and specials are stored in 
somewhat the same way, but it is usually necessary to place boards 
lietwoen the different rows, in order to preserve the stability and shajie of 
the pile. 

It is desirable to carry through the winter no more pipe than neces¬ 
sary, and such as is on liand should bo so piled that there is no possibility 
of the )owcr pipes freezing into the ground or bolding water which may 
freeze and thus cause breakage. 
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Pipe ehould not be stored on the job much in advance of the needs of 
the work being carried on. Wliere it is possible to store pipe in con¬ 
venient yards, generally one or two days’ supply on the job is all that is 
desirable, for in bu,sy streets or about construction work there is a 
possibility of considerable breakage. 

The pipe up to a diameter of I S in. and possibly 24 in. are usually 
handled at tlw) trench and lowered into it wdthout the aid of machinery. 
A thre(vlegged derrick, such as is used for lowering water pipe, is con¬ 
venient, however, in the case of 24-in. and essential for larger sizes. 
A i)ipe-hiying derrick mounted on a truck with wheels resting on a 
plank runway on each side of the trench is made by William Heggie, 
Joliet, III. {Eng. .Nrirn, Feb. 20, lOKi). For ordinary sizes of pipe a 
hook-rope is convenient, having a hook spliced in one end and a chain 
and hook spliced in the other. This chain is pas.sed through the pipe 
and the hook fastened over the chain at tim spigot end of the pipe, thus 



foTOing a loop III which the pipe hangs as it is lowered into the trench. 
Where some one. of the jointing compounds is used, by which several 
pipe are put together on the bank, it is possible for two men to lower 
them into place, each one holding a rope looped over the pipe, one at 
either end, although it is better to pass a stiff rod through the pipe 
and attach a hook rope to each end, thus avoiding danger of the pipe 
Baling or breaking in the middle. The pole should have an eye in each 
end. 

After lieing lowered into the trench, the pii«, is usually shoved into 
place by the pipe layer, his hel,)cr Ufting the spigot end by means of a 
wire or strap passed under the pipe, although in this case, also, some 
mechamcal devices may be desirable for the larger sizes. One of these 
devices. Fig. 106, consists of a long and strong hook by which the pipe 
may be lowctad in a horizontal position, and the spigot inserted in the 
bell of the preceding pipe. Still another of these devices is the pipe 
bum shown in the same iUustration, which is handy in entering the 
spigot of one length into the bell of another. 
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The bottom o{ the trench should be brought as near as possible to 
subgrade, and a hole excavated at the place where the bell of the pipe 
will come, large enough to enable the workman to pass his hand under 
the pipe in order to calk the gasket into place and to fill the joint with 
cement, in case it is used. If, when the pipe is in place and tested for 
line and grade, it is found to bo slightly too high, it is sometimes possible, 
by raising and pushing it down or lightly tapping it on top, to force it 
down to grade, but if it is much too lugh it is necessary to lift it up and 
scrape the earth out from underneath. If the bell of the pipe is found 
to be too low, the length should be removed and earth carefully shovelod 
and spread into place, in order to bring it up to grade. Pieces of rook 
or blocks or any supports of like character should never Ire placed under 
a vitrified or cement pipe in order to raise it to the proper grade, because 
they are rigid supports and when the trench is backfilled the pipe may bo 
forced to act as a beam, which is a dangerous condition. 

LAYING PIPE 

For laying pipe of ordinary sizes, three or four men are required. One 
handles the pipe on the bank and lowers it into the trench; another 
receives the pipe and places it in position. He is followed by a third 
man, who makes the joint and carefully tamps the earth under and 
around the sides, filling the boll hole completely. The filling around 
the lower portion of the pipe should be placed uniformly on both sides 
of the pipe and care should be taken not to force the pipe out of 
position cither horizontally or vertically. Where the work is being 
carried forward rapidly, this final oixsration may bo done by a fourth 
man. 

The head of the tamper used until the backfill is about a foot over the 
pipe should have a face not excwdiug 1-1 /2 X 5 in. nor weigh more than 
7 lb. A tamper of even smaller size may be used to advantage until tlie 
filling is brought well up above the springing line of the pifs). Such a 
tamper may have a face about 4 in. long, a thickness of 1/2 in. and a 
handle made of 5/8-in. iron. The head should bo canted slightly to aid 
in reaching the filling well under the pipe. 

In ordinary stable ground the preparation of the trench for the pipe is 
a simple matter, and the bottom should bo shaped as nearly as possible 
to fit the circumference of the pipe, bell-holes being excavated at the 
proper places. Where the trench is in rock it is generally specified that 
the bottom shall be excavated 6 in. below the grade of the invert of the 
sewer and the space refilled with gravel or fine material as a support for 
the pipe. There is some diversity of opinion as to the extent to which 
the trench must be prepared under these conditions. Some specifica¬ 
tions require that the rock shall be everywhere at least 6 in. below the 
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sower, even to the extent of requiring that the rock under the bells 
of pii )08 shall lie lilasted out to greater depth than under the body of the 
pipes. Other specifications merely insist that the pipe shall have a 
uniform bearing. 

The tests upon earth pressures made by Marston and Anderson, de¬ 
scribed in Volume I, indicate the desirability, when practicable, of nar¬ 
rowing th(' trench at the l)ottoni l)y leaving earth shoulders on each side, 
at a level above the top of the .sew(‘r pipe, to increase the arching action 
of th(! backfilling and thus reduce the load or pressure upon the pipe due 
to it. 

The greatest diffieultie.s in laying sewer piiK! are encountered in wet 
trenches, tdider such conditions the water is usually carried away 
by means of undtTdrains. These are usually drain tile, with open joints 
covered by strips of muslin and surrounded by coarse gravel laid in a 
subtreneh dug in advance of the pii>e laying, (dther to one side or 
directly uniler the line of the propo.sed sewer. The size of the drains is 
something to be determined by experienoc and judgment rather than by 
rule. These underdrains are seldom less than 4 in. in diameter or more 
than 8 in. .Sornet lines water enters so fast that it is impossible for it to 
finil its way through the gravel into the underdrain, and in such cases it 
may be necessary to provide a small sump a short distance in advance of 
the pipe laying, from which the water may be constantly pumped, other 
sumi)B being dug farther along as the work progresses. 

In very wet treni'lies in line sand, the bottom sometimes boils up and 
resendiles quicksand, and it becomes necessary to hold the bottom down 
by one means or another. Frequently gravel and coarse sand will be 
of some service; st raw, brickbats, broken stone, cinders and like materials 
have all bism used with more or less success from lime to time. The best 
results are undoubtedly obtained when concrete is used in the bottom 
of the trench, but even this material sometimes is insufficient to hold 
down the boiling sand, and it is necessary to spread a platform of boards 
on the bottom of the trench before dumping concrete there. Where 
planks arc insed in this way they should be worked down through sand 
and water to at lea.st (i or 8 in. below the bottom of the sewer, and the 
water and sand cleaned off above them as thorouglily as possible before 
putting in the concrete. 

In the very wet tamehes of the Ualavia, N. Y., sewerage system, for 
example, particular attention was paid to securing a rigid foundation, 
according to Charles Hoopoe, Resident Engineer. The material below 
the invert was carefully watched, extra excavation and refilling with 
gravel were done when the soft material was shallow and sometimes 
when it was deep a concrete slab was put in below the invert. From 30 
to 40 ft. wore excavated ahead of the pipe each day to a depth.of 9 to 
12 in. below the invert, and a drj' mixture of cement and gravel was 
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rammed into the bottom of the trench to a grade which would be ap¬ 
proximately 2 in. below the bell. The next day the pipe were laid on this 
slab by raising the grade with this same dry mixture, and after the pipe 
were at grade and jointed each pipe was rammed to the springing line 
with the mixture, and the trench was then backfilled with selected earth 
in the usual manner. In many places the earth pressure and the depth 
of soft material wore so great that the pipe had a tendency to float. Then 
7/.S-in. boards 4 to C ft. long were nailed together, forming a lap at each 
scam, and driven as sheet piling to a depth of 2 to 4 ft. below the invert, 
depending upon the width of trench. Uetween these walla of sheet 
piling the eonerete wius deposited and pipe laid, this 7/8-in. sheeting 
being left in place. After two years no deflections appeared in sewers 
constructed in tliis manner even in the softest material {Kng. Record, 
Nov. 9, 1912). 

The use of platforms under sewers is rather frequent and they may 
be built in various ways. .Some engineers prefer a single plank laid 
directly under the sewer; this allows the water running ov(!r the bottom 
to pass along either side without undermining the sewer itself, but there 
is a possibility that this water may wash and cave in the sides of the 
trench. Other engineers prefer to build a cradle of timbers laid longi¬ 
tudinally a few inches apart, each length of pipe being supported by a 
transverse timber near each end, cut to conform to the sha|)o of the 
pipe. Hy this method the water flows through the spa<'c left between the 
longitudinal timbers. On the other hand, there is a possibility tliat if 
an underdrain has been previously laid the water flowing directly under 
the sewer and over the underdrain may wash the material into the under- 
drain and cause the bottom to cave in, catising settlement of the sewer 
itself. There is also the danger of cracking the pipe on account of the 
possible lack of firm, uniformly distributed support below it. 

In some kinds of material, particularly in ([uicksand, it may be 
almost impossible to carry the bottom of the trench down to the proper 
grade, without resort to various expedients. One of these consists of 
placing two planks on erlge and far enough apart to include the pipe 
lx!twecn them, thus forming a sort of bottomless box. The ends of 
these planks are fastened together in such a way as to keep them vertical, 
and they arc then worked down into the quicksand to the bottom of the 
trench and secured there to the trench bracing. Planks cut of such a 
size as to form a bottom for this box are then put in place, one by one, 
men standing on each plank and working it down into jdacc whore it is 
fastened by cleats at cither end. 

A great deal of such work, however, may ha obviated by careful 
handling of trench work, by accurate and rapid work doing away as far 
as possible with any unnecessary passage or walking over the material 
on the bottom by the men, for material of bad quality will sometimes 
20 
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stand up for a few minutes if not disturljod. A method of handling such 
work by draining out the ground water is described in an article by 
Ijionard Metcalf in Joxtrn. Assoc. Eng. Socs., vol. xxiv, page 277. The 
drainage is usually done with driven wells. 

The importance of proper supports for sewers is shown by the results 
of an investigation of the Hobok<!n sewerage system made in 1912 by 
James H. Fuertes. A large part of the city is quite flat, and the streets 
have generally been raised to their present elevation. There are large 
areas on which water stands throughout the year, lying from 1 to 3 ft. 
below the stris't levels and at about the m(»n high-tide elevation. The 
surface is a tliin stratum of loose, porous material underlaid by soft 
muck or silt of gr(«it depth. All permanent structures, even one-story 
buildings, have to be placed on pile foundations. A large portion of 
the paved streets were much lower than tins official grades, there being 
many intersections where the ditferenee was 10 to 20 in. No informa¬ 
tion could be obtaini'd conccniing tlsar elevations when first constructed. 
Owing to the boggy nature of the ground, the sewers, excepting those 
on a firm pile foundation, had settled out of line and grade so that, in 
some cases, their slope.s were in diris't ions the opposite of those originally 
laid out. In some cases sewage stood above the top of the sewer in the 
nmnholes and in a few enses apis-ared even in the catch basins at street 
corners. It was found, however, that most of the, sewers placed on piles 
were, in fairly good condition as to line and grade, and the fact that the 
pile foundation prev(uited a distortion of the sewers was shown by the 
presence of a large ridge in the street surfaces above the sewers, the 
street elsf'whcre having settled so much in some cas(» ns to throw the 
fire hydrants far out of plumb. 

Branches.—A branch should be set in the sewer at every house. If 
the house is i>rovided with plumbing, the engineer should go into the 
cellar and sec whore the main soil pipe leaves the building; the branch 
should be set slightly down the line of sewer from this point. If it is not 
possible to gain admission to the cellar, or if the house is not provided 
with plumbing, the engineer should decide on t he proper location for the 
branch from the general appearance of the house. The branch should 
usually bo sot well down the sewer from the center lino of the house and 
oecasioimlly below the lower line of the house. Branches should also be 
provided for all vacant lots, the spacing depending upon the frontage of 
the lots. Where vacant land is not cut up into house lots the branches 
should be placed at frequent intervals, according to the general custom 
of laying out lots in the locality. The engineer should notify the foreman 
of the approtdmate location of the points at which branches are to be 
placed. The common practice is to have branches every 30 or 40 ft. on 
each side. 

When the branches have been laid they should bo referenced as 
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described in detail on page 38. If possible the engineer should 
“locate” the branches before the trench is backfilled. If he is not on 
the work the foreman should be very careful to have a pole sot at each 
branch before the backfilling is done. If poles long enough to reach to the 
surface of the street arc not available, stakes may bo driven opposite 
the branches, or laths may be tied to the tops of the poles. Great oaro 
should be taken to see that stakes are driven or polos set on the same side 
of the trench as the branch. In measuring up after the backfilling is 
completed, the engineer must be careful to make an accurate record as 
to whether the branch leaves the sower on the right or the left. 

A convenient method of recording the location of manholes is to refer 
them to the next lower manhole. For example, the first manhole at the 
lower end of the street should bo numbered 1, and the successive man¬ 
holes numbered consecutively, as 1, 2, 3, etc. The first manhole will bo 
located from the street lines in both directions, as shown in Fig. 107, 
from a Worcester record. The first has a depth of 8.20 ft. and its water 
line is at El. 300.17. It is 30 ft. southwest of manhole 2 on Wigwam 
Ave., 20 ft. from the east street line, and 0.0 ft. north from the south lino 
of Wigwam Ave. The sewer has an 18-in. oval concrete section and 
was built in 1904. The fifth manhole is 9.43 ft. deep and its water lino 
is at El. 401.717. It is 180.4 ft. south from manhole 4 on Alvarado Ave., 
20 ft. from the oast side of the avenue, and 23.1 ft. south from the north 
line of Lake View St. The sewer in Alvarado Ave. at manhole 6 is a 
15-in. oval cement section built in 1904, and is joined at the manhole 
by a 12-in. lateral sewer laid in Lake View St. in 1912. The branches for 
house connections are recorded as shown in Fig. 108. This shows that 
there is a 6-in. branch on the west side of the sanitary sewer opposite a 
vacant lot, at 20.6 ft. south from manhole 1 and 27 ft. from the east 
street line. There is also a G-in. branch on the east side of the sower 
opposite house No. 33; it is 77 ft. south of manhole 1, 23 ft. from the 
cast street line, and 13.4 ft. south from the north line of the house. 
Both sets of records are kept in Kalamazoo loose-leaf binders on sheets 
measuring about 12-1/2 X 18-1/4 in. One set of manhole records or 
two sets of branch records can be kept on a page. 

The branches are provided with stoppers to close the side nutlets 
until such time as the connection is desired. These stoppers should be 
put in place before the branch is lowered into the trench, and should be 
made as nearly water-tight as possible. 

In Worcester, Mass., the stoppers are inserUd at the yard twfore the 
branches are carried to the work. This is done by placing a numbw of 
Y’s on a specially designed horse, so that the branch openings are in a 
horizontal plane. The stoppers are then placwl in position, jute is 
calked around them. Fig. 109, and considerable cement is placed around 
and over the jute and stopper. Then a piece of wood, cut in the form of 
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Fig 108 .—Method of recording location of branches. 
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a truncated cone, is twisted around on top of the stopper. This forces 
the cement to the outside, forms a circular ring of cement in and over the 
joint, and leaves the central part of the stopper clean. Afterward, when 
it is desired to make a connection with one of the branches, it is necessary 
only to break the central part of the stopper with a hammer. It is then 
easy to chip out the remainder of the stopper and the mortar joint with a 
cold chisel. A generous quantity of jute should bo used in making the 
joint, so that the cement will not fill too large a portion of the space be¬ 
tween the stopper and the bell of the branch. 

Branches stoppered in this way have been tested on many occasions 
and have been found free from leakage. It is a groat advantage to put 
in the 3top|>ers either in the store 
yard before the branches are shipped 
to the job, or upon the bank before 
they are put into the trench, as they 
are then much more easily accessible 
than they are after being laid. One 
man can put in about 100 of those 
stoppers in a day of 8 hours. 

Iowa Pipe-laying Requirements.— 

The requirements of the state drain¬ 
age and engineering associations of 
Iowa for laying pipe in that state arc 
ba.sed on the results of the investiga¬ 
tion outlined in Volume I under sower 
pipe, and are so unusual that they 
must bo considered by theno-selvos. 

The specifications issued in 191.3 provide that no drain tile or sewer 
pipe not strengthened by bedding in concrete may be used in any 
part of a ditch where the average bearing strength of the pipe, as de¬ 
termined by the Iowa standard tests, is not equal, in addition to the 
weight of the pipes themselves, to at least 165 per cent, of the ordinary 
maximum load on pipe in ditches, as given in Volume I. Drain tile 
and sewer pipe having a lower bearing strength than that required, if 
used, must bo strengthened by bedding in concrete. No sewer pipe may 
be used having a bearing strength less than 1250 lb. per linear foot for 
sizes under 15 in., 1500 lb. per linear foot for 15 to 20-in. pipe, 1900 lb. 
for 21 to 27-m. pipe and 2400 lb. for 28 to 30-in. pipe. 

The average diameter of the pipe is not permitted to be 2 per cent, 
under the specified diameter. No two diameters arc permitted to 
differ from each other more than 5 per cent. Adjacent pipe must 
match truly, which must be tested on the bank before the pipe are 
lowered into the ditch. 

In all ordinary pipe laying in large sewers, the contractor is required 
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to shape the bottom of the ditch approximately to fit the lowest 90 deg. 
of the circumference of the pipe, taking pains to secure an extra firm 
bearing near the outer edges of the 90-deg. strip. On the concave 
surface prepared in this way, a 1 to 2-in. layer of pulverized soil or sand, 
free from pebbles greater than 1/4 in., must be laid, and the pipe 
bedded firmly in it, truly to line and grade. Wlierc the bottom of the 
trench is so wet and soft as to enable thorough bedding of the lowest 
90 deg. of the pijK? without the use of pulverized earth or sand and still 
is firm enough to afford a secure support to the pipe and the backfilling, 
the omission of the layer of earth or sand may be authorized, but this 
authorization will not excuse im|)crfections of bedding of the lowest 90 
deg. of the pipe eireumferenee. 

The space between the pipe and the bottom and sides of the ditch 
must be completely packed full, by hand, with selected earth, and 
tamiHsl with a light tamiwr as fast as placed, all up to the level of the top 
of the pii)e. The side filling inu.st be carried up as fast on one side of the 
pipe as on the otluT. The pipe must then be covered by hand with 
selected (arth to a depth of at least 18 in. above the top of the pipe. 

Whenever the fa(dor of safety of the pipe, as calculated from the tests 
of strength and the tabulated loud imposed by the backfilling, exceeds 
2.5, the shaping of the bottom of the ditch to fit more than 45 deg. of the 
bottom of the piiie may be omitted, together with the bedding in an 
earth or sand layer and the sfxicial tamping of the side filling around the 
pipe. 

In all iMirts of ditches in soil where the pipe must be strengthened to 
carry heavy loads, by laalding in concrete, the Iowa requirements 
call for work done substantially as follows: The bottom of the ditch 
must lx‘ 8ha[>ed by the contractor to fit approximately the lowest 90 deg. 
of the pipe circumference. On the concave surface so prepared, the 
contractor must spread a layer of at least 2 in. of soft concrete stiff 
enough to sustain the weight of the pipe, and the pipe must be firmly 
bedded, truly to line and grade, in this concrete. The space between the 
pipe and the bottom and sides of the ditch must then be completely 
packed full of soft concrete up to a level 15 deg. of the pipe circumference 
above the mid-height. The thickness of the concrete must not at any 
point be less than 2 in., and it must be tamped in place with a light 
tamper. The concrete U8e<l in this method of strengthening pipe must 
be made of I part Portland cement and 8 parts gravel, or 1 part 
Portland cement, 5 parts sand and 8 parts broken stone. 

In all parts of ditches in yielding soils, such as muck and quicksand, 
whore the pipe must be strengthened to carry heavy loads, by bedding it 
in concrete, the Iowa specifications require the work to be done in the 
following manner; The bottom of the ditch is finished approximately 
level, with slightly rounded comers, and on this is spread a layer of aofi 
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concrete, the full width of the ditch, in which the pipe arc firmly bedded 
truly to line and grade. The thickness of concrete Ijelow the lowwt 
part of the body of the pipe is at least one-eighth of the inside diameter. 
Soft concrete is then built up on each side of the pipe, completely filling 
all the space under and up to it, up to a level on each side of the pipe 
about 15 deg. of the pipe circumference above the mid-height. The 
width of the concrete is such as to give a thickness on each side of the 
pipe at its mid-height of at least one-fifth of its inside diameter. The 
concrete is tamped with a light tamper, and is mixed in the proportion 
of 1 part Portland cement and 5 parts of gravel, or I part cement, 3 parts 
sand, and 5 parts broken stone. 

BACKFILLING 

One of the most important stei* in the laying of piiai and masonry 
sewers is backfilling the material excavated from the trench. The 
pipe must be well supported on its lower surface and the earth should be 
thoroughly consolidated around the upfatr half. 

The material for filling around the sewer, e8j)ecially a pipe sewer, 
should be selected, and large stones or liard lumps of earth excluded. 
The fill should be carried up equally on both sides of the sewer and 
should be thorouglily rammed in thin layers as fast as it is thrown into 
the trench. For this purpose an iron rammer, liaving a face about 
1/2 in. wide and about 4 in. long, with a 5/8-in. iron liandle, is well 
adapted. The head of the rammer should be slightly canted to one 
side so that it may be readily forced in under the pif)e. When the back¬ 
filling is brought up about to the springing line of the pip(! and thoroughly 
tamped, a heavier and larger rammer may be used. This should be 
about 1-1/2 in. thick by 5 or (i in. long, and have an iron handle of 3/4-in. 
gas pipe. This rammer should be used in filling a trench up to the top 
of the pii*. 

The backfilling of the trench above this point is of much importance, 
Iwcause if not thoroughly done settlement is likely to take place. Only 
loose dirt should be placed around the pipe until the backfill is carried 
to a height of 6 to 12 in. almve the crown of the pipe, or higlicr if filling 
is dumped from a height in large quantities, as from a bucket. Above 
this filling the coarser material may be used, but care should bo taken 
to have rocks and lumps of hard material completely surrounded with 
fine material, so that there shall be no large voids. Usually one rammer 
to one or two men shoveling the earth into the trench, will accomplish 
satisfactory work. 

With some kinds of material the backfilling may be consolidated by 
the use of water, the process being known as puddling. Water should 
usu^Iy not be put into the trench until the backfilling has been carried 
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up a abort distance above the top of tlie pipe; then the trench should 
he partly filled with water and the earth thrown into it. The use of 
wat(!r is particularly well ada])ted to materials through which the water 
cun be readily drained away. Water should not be used in clayey 
niatcrial.s which will hold it for a long jieriod of time and which tend to 
shrink as the water drie.s out. 

Hy thorough ramming it may he possibh' to put more earth into a 
trench than by puddling with water. With some classis of material, 
such as loam, it is possible to put more material buck into the trench than 
came out of it. and with sizes of pipe up to bl in. usually all .such material 
taken out can be put buck. With other material, such as gravel, clay 
and hardpan, there will be a surjilus left after backfilling, in excess 
of the cubic sinice taken up by the [lijie and manholes. 

It is often desirable to fill the trench completely full of earth or 
even overfill it and then to roll it with a steam roller. If the trench 
is narrow this may best be done by so operating the roller that one of 
the rear wheels will jiass over the trench and follow the backfilling 
down below the surface of the street. If sufficient material is put into 
and o\ er the trench to completely fill it after rolling, it will be necessary 
to nnnove a ])ortion of the surface to make room for the macadam or 
])aving to be put back later. Where a roller is used it is important 
to take care not to hit the manholes, as the frames may be displaced 
and the brickwork injured. 

It is generally possible ami in most cases practicable to backfill a 
trench so thaf no settlement will be apiairent on the street surface. 
In a loosely backfilled trench, however, settlement is almost sure to take 
place. If pavement is laid over such a fill the settlement, may not take 
place fur years. In some cases pavement has given way or has been 
taken uj) years after the sewer was laid, and the backfilling was found 
to have settled considerably, leaving large spaces between the soil and 
the bottom of the iiavement, an unsafe condition because of the danger 
of the jiavement breaking tlirough under loaded vehicles. 

Care should lx- taken when dumping backfilling into the trench from 
bucket machim»s or derricks that an excessive shock or load la- not placed 
upon the structure. Killing so deposited should be spread sufficiently 
to till all spaces in the trench. 

In very deep and wide trenches it may sometimes be less expensive to 
repair the street after settlement than to go to the expense of very 
thorough tamping during construction. The engineer in drawing his 
specifications for the consolidation of backfilling must use judgment 
as to the expense to wliich he cares to go to liave the backfilling tamjied 
or puddled, basing his judgment upon the character of the work and the 
nature of the locality tlwough which the sewer is to be built. Where it 
is not desired to spend sufficient money to thoroughly tamp the back- 
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tilling much can be accomplished with little labor by spreading the 
dirt to make sure that the voids around the stones and hard lumps of 
earth are filled. The use of water in puddling is generally loss expensive 
than tamping and where it is not necessary to do thorough tamping, 
much can be accomplished by the judicious use of water. Upon some 
large work it is not practicable to fill the trench with water and throw 
the material into it. If this is impracticable considerable good can be 
done by the intelligent use of a stream of water from a hose. 

The coat of backfilling may in part be offset by the saving in the 
amount of material to be hauled awfiy. Where it is necessary to haul 
the surplus material a long distance, the cost of hauling may bn fully 
as great as the cost of the tamiuiig necessary to put the material back 
into the trench. 

Hackfilling should always he done as soon as possible after the sewer 
is built, in order to clean up the street and prevent inconvenience to the 
l)ublic due to large piles of dirt left in the street unnecessarily long. 
Where there is a surjjlus of material, the finer material and that which 
can be consolidat(^d to best advantage should be used for backfilling, the 
coarser part being carried to the dump. In freezing weather it is 
sometimes difficult to get enough fine, unfrozen earth for backfilling 
immediately around the sewer. This should be done, howtn’cr, even if 
necessary to thaw thi; earth thrown out upon the bank for the purpose. 
Fdhng the treneli with frozen earth is always uiusatisfactory and it is 
never possible to secure a well-compacted fill under such conditions. 
S(‘ttlement follows thawing in thi^ s])ring, when further filling l)CcuincB 
necessary. Moreover, the integrity of the .sewer pipe may be endan¬ 
gered by such practice. 

Where it is not necessary to reojK'u the street to travel, as when the 
.sewer is built through open fields, the amount of labor devoted to tamp¬ 
ing may sometimes be reduced or wholly eliminated and the fill allowed 
to settle and become compacted bj' rains. 

Tamping is a portion of the work which is very likely to be ncglecUal. 
It is not excessively exiwnsivc and is u.suully well worth the cost, espe¬ 
cially in city streets. The cost of tamping varies greatly, but in ordinary 
city trenehea where the sewers are small, it may lie done by from one 
tamper ]X)r shoveler, to one tamp<’r to three shovelers, or say roughly 
from jO.lo to $0.05 iwr cubic yard. 

Trench tamping machines are used in a few places for consolidating the 
backfill. In Wilmington, Deb, for instance, the machine made by 
R. H. Staley is used. This has an 80-lb. steel head 8 in. s<iuarc fixed 
to the end of a long vertical ram, which is raised and then allowed 
to fall by its own weight. The ram is lifted by a small gasoline cnfdne 
driving a pair of cam wheels. These wheels butt against either side of 
the ram, which is fitted with wooden contact surfaces to allow the cams 
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to hit and lift the rod with its 80-lb. weight. The cams rotate con¬ 
tinuously in one direction, and when the solid part of the rim passes the 
wooden contact surface of the rod, there is nothing to sustain it and it 
falls upon the material to be consolidated. The machine strikes about 
54 blows a minute. The vertical ram is mounted on a framework which 
can be swung through a horizontal arc, thereby covering the entire 
width of the trench at one setup. As the work progresses the tamper 
truck is moved forward on its own wheels. 

Alexander J. Taylor, Chief Eng. of the Wilmington Street 4 
Sower De])artment, wrote to the authors on Dec. 10, 1913, regarding 
the machine as follows: 

"The results olituined from the use of this machine have been satisfactory 
to us. We have no <iefinite data regarding the cost of its operation, but 
speaking in a general way it requires two men for its proper manipulation and 
propulsion along the trench. The amount of gasoline consumed has var.ed 
from 1 gallon for a run of 4 hours when the apparatus was new, to 5 quarts 
for the same length of time at jirescnt. Using as a basis of comparison a 
ditch ill which the liaeklilhiig is handled by employing one man ramming 
to one iniin shoveling, I would say that the tamper will pack to the same 
degree of thoroiighiie.ss earth thrown in by approximately six men. The 
degree of alertness'iiiid skill of the operator can increase or decrease this 
average. We have not had any trouble with the work done by the machine, 
which IS equipped with a hammer reaching to a depth of 6 ft. Our sewers 
are built generally with the spring line 9 ft. below the surface of the street. 
It IS our usual practice to harid-tanip the first 2 to 2-1/2 ft. of the backfilling 
before the machine tamper is put into operation. If necessary the hammer 
may be lengthened. We have made a number of examinations of terra 
cotta pipe laid in trenches backfilled in this manner, and have not yet 
found any broken places ’’ 

COST OF LAYING PIPE 

Conditions under which work is done are so variable that the cost 
of laying piiw on individual jobs is not of much general value. The 
exact items included arc also not always clear; sometimes the cost of 
laying includes work of backfilling around and over the pipe, while in 
other ca.ses it iticludes the laying alone. The curves of Fig. 110 are 
based in part oti data in Table .M. The unit prices assumed in these 
data are tho.se gained from general experience in tliis class of work, and 
the actual prices for different sizes of sewers and different depths of 
trenches are calculated from these unit prices. These curves were 
based on th^se of 3-ft. lengths of pipe. In this connection it may be 
said that the cost of similar work with 2-1/2-ft. lengths of pipe would 
be about 4 per cent, greater and with 2-ft. lengths of pipe about 8 per 
cent, greater. This calculation is based on the data given for the 12-in. 
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pipe and on the assumption that the only differences in cost arc those 
due to the laying of the pipe and to the amount of cement and sand neces¬ 
sary on account of the different number of joints with the different 
lengths of pipe used. It is further assumed, although not exactly true, 
that the cost of laying applies entirely to the work on the joint, that is 
to say, with a 3-ft. length of pipe this amounts to 9 cents per foot; with 
a 2-1/2-ft. pipe to 10.8 cents; with a 2-ft. pipe to 13.5 cents per foot. 
With regard to the relative cost of the laying with different kinds of 
jointing material, it is almost impossible to give strictly comparable 
figures. It will be found that bids by experienced contractors are quite 
variable in this respect, some bids running higher for cement joints, for 
instance, than for joints of sulphur and sand. While the materials for 
special jointing, asphalt, sulphur and sand, G-K Compound, etc., cost 
more than cement, the ease with which joints may be made up with them 
on the bank and in the trench and the freedom from long-continueil 
pumping in wet trenches, offset to a considerable extent the difference 
in the cost of the materials. This is particularly the ease if the work is 
done under very rigid inspriction and insistence placed on thoroughly well 
made joints. It should also be noted that the actual cast of pipe laying 
is but a small piirccntagc of the total cost of the work, so that a few cents 
variation in this cost but slightly affects the total. 

The diagrams given in Fig. 110 have been prepared to give the reader a 
general idea of the cost of constructing pipe sewers under ordinarj' condi¬ 
tions in easy, moderately hard, and hard digging. The cost of such 
work varies greatly from time to time, with the cost of labor, the length of 
day, the difficulties surrounding the work, ns rains or freezing weather, 
and a multitude of other conilitions. It is therefore obvious tliat these 
estimates of cost should not be applied too literally, but should lie us(h1 
otdy as a general guide. 

If the engineer will compare the cost of all work of this sort coming 
under his attention with the “medium” sc'ale as standard, obtaining the 
coefficient or relative coat of his work (the ratio of his cost to the medium 
scale cost), he will soon acquire such a knowledge of relative costs as it 
would be impossible to obtain otherwise. Under such procedure it 
matters little if the standard is too high or too low, provided it is a fairly 
consistent scale within itself and provided it is fixed, so that the engineer 
shall always use the same reference scale for his comparison. 

Sate of Pipe Laying.—The rate of progress in pipe laying is usually 
dependent upon the rate of excavation of the trench. It is also more 
or less dependent upon the amount of excavation and backfilling 
required of the pipe-laying gang. For the smaller sizes of pipe, say 
from 8 to 15 in., two men are required in the bottom and one or two men 
on top, depending on the arrangement of the work and the rate of 
progress required. For 24-in. pipe two men will t)c required in the 
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Flo 110.—Curves giving the cost of seweis under different conditions. 

Treoebef excavated by hand, with labor at 25 ceota per hour 











Table 54. —Cost of Pipe Laying per Linear Foot 



$lv25 per cubic yard. Labor baaed oq 8 hour day, $2 per <' 
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trench and two or three on the bank. The rate of progress will lie 
tetween the following limits: 

8-in. pipe, .50 to 150 It. per day of 8 hours 
24 in, pipe, 20 to 60 ft. per day of 8 hours 

It must be rcmemlicred, however, that the rate of progress depends 
upon local conditions. In some cases it may be economical to make the 
rate of progress very slow and require considerable excavation and 
backfilling of the piiie-Iaying gang, while in other cases it may be wise to 
have them do very little excavation and backfilling and proceed more 
rapidly with the piiie laying. The engineer or foreman in charge of the 
work must l)i> governed by the local conditions. 

LAYING LARGE CONCRETE PIPE 

Large concrete piis- arc so heavy that special equipment for handling 
them is necessary. So far as practicable contractors generally endeavor 
to utilize in this way a locomotive crane which can be employed also 
in excavating the trench. For example, the contractor for about a 
mile of (i-1/2 and 7-ft. concrete pipe sewer laid in Detroit in 1910, took 
out the top (i ft. of the trench, which was 11 ft. wide, with a Thew shovel. 
The remainder of the 16-ft. depth of trench was taken out with a 15-ton 
locomotive crane, and the Imttora of the trench w'as shajrcd to a half 
circle, a little higher than the true grade, by hand. The pipe, which 
weighed about (i tons each, were turned over on their sides, after the molds 
were removed, in order to l>c rolled to the trench; they were turned over 
at first by means of a gantry crane, with an I-beam top bar supporting 
a chain block hoist, and, later, by a tripod of steel pipe attached at 
the top to a short I-beam; the tripod proved more satisfactory than the 
gantry crane. 

The pipe were rolled to the trench by teams. At the trench they were 
picked up by a specially designed saddle or hook Imving a large bearing 
on the inner surface of the pipe, which was hung from the boom of the 
locomotive crane. This saddle fitted below the top of the shell of the 
pipe as it rested on the bank, but when the pipe had been landed on 
the Iwttom of the trench it was customary to loosen the fall a little, lift 
the saddle somewhat t o one side, and then tighten the fall just enough to 
roll the pipe over on its bed without changing its position laterally in 
the trench. In this way the weight of the pipe was made to consolidate 
the bed and secure a good bearing along the entire length of the bottom 
of the shell, w 

In the case of the Harbor Brook intercepting sewer at Syracuse, 
N. y., built under the direction of Glenn D. Holmes in 1911,.42-m. 
sfneksoD concrete pipe were laid with a three-leg sulky derrick of the 
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type used in handling large cast-iron pipe, Fig. 111. For laying 64-in. 
pipe the Reinforced Concrete Pipe Co. furnished the gantry crane 
shown in Fig. 112. In both parts of the work the pipe were laid on a 
concrete foundation supported by a single row of piles spaced 4 ft. apart 
on centers. After the joints had been cemented, the lower part of the 
trench was filled with concrete to give the pipe a bearing over a fourth 
of its circumference. 



LAYING CAST-IRON PIPE 

The handling and jointing of cast-iron pipe for sowers arc conducted 
like similar work for water mains. Where curves are needed, some 
engineers aUow' as the maximum angle permissible in each joint that 
which is represented bj' pulling the spigot S/i in. back on one side, this 
is an angle of about 1 deg. Where this will not give the desired curva¬ 
ture, special castings must be used. 

Large pipe are often laid on blocks (see Table 65) placed near 
each end of each length. These blocks are laid across the trench bottom 
and must be firmly supported, and the pipe arc held on them by wedges. 
Smaller pipe are laid on the earth bottom, a hole being dug for the 
bell; it is not well to lay them directly on rock. The use of blocking is to 
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be avoided where practicable on account of the danger of concentrating 
the external presaure on the pipe. 


Table 55.—.Suppoiitb pok CAKT-moN Pipe (Board or Water Sdpplt, 
New York) 

iSiie of pi[)e, inchc.H 10 21 .'iO-Ofi 42 48 

Blocking, inchcH 2 X 10 X 2i Ox 10 X 0 .OX 10 X OJ 0 X 12 X 4 

Wcdgiw, inchcM 4 X 4 X 10 4 X 4 X 12 4 X 4 X 12 4 X 4 X 12 


When two lengths of pipe are in place, jute packing is driven into the 
joint, leaving a space at Ica-st 2 in. deep for pipe under 12 in. in diameter, 



Fio. 112. Laying 54-inch concrete pipe at Syracuse. 


2-1/2 in. deep for piiw from 12 to 24 in. in diameter, and 3 in. deep for 
larger sizes. The outside of this spiM'e is closed by a yarn and wot clay 
gasket or aslM'stoa jointer, and melted lead is gradually poured into 
the enclosed space. Only one. pouring should be made for each joint 
and dros.s should not be allowed to collect in the melting pot. This 
lead is then carefully calked with a liammer and tools made specially 
for the purpose, so as to give a tight joint without cracking the bell. 
Joints have been made on some water-works mains with pneumatic 
hammers, and a fibrous form of lead called “lead wool” has been used 
occasionally where it was undesirable to melt lead in the usual fashion. 
The lead W'ool was calked cold into the joints. Not enough experience 
with these methods lias been liad as yet (1913) to furnish definite 









PURCHASING, HANDLING AND LAYING SEWBR PIPE 319 

information concerning them. A soft lead pipe wrapped several time* 
around the pipe and calked into the joint at the same time may also be 
used in wet trenches. 

Pipe up to 8 in. in diameter can be lowered into the trench by a rope 
sling and man at each end. Larger sizes arc best handled by a derrick 
spanning the trench, as shown in Fig. 111 {Eng. News, vol. xxxv, p. 339), 
The special advantage of this derrick and others of the same general 
type is that it can be readily moved on its own wheels, which are also of 
service in handling the pipe. 

In what are known as solid lead joints, only one strand of yarn is used. 
The entire joint must be run at a single ]«)uring and it is necessary with 
large pipe to calk the inside as well as the outside of the joint. 

LAYING STEEL PIPE 

The engineer is usually more apprehensive of injury of the pipe coating 
than of the piiM! itself, although larg(! pi|w must bo braced by interior 
struts to prevent their C(jllapse. The contractor has sometimes been 
re<)uired to cushion all be.aring surfaces on which the pipe rests with 
enough layers of burlap or other soft material to prevent scratching of 
the coating, and no uncushioned roixw, chains, levers or other handling 
devices were i>ermitted in handling the pipe. On the Little River 
works of Springfield, Mass., a covering of canvas or 0 (iuivulent material 
at least 30 in. wide was kept on top of the piix; in the trench until 
backfilling was in progress on the spot, and no ijcrson was permitted on 
the i)ipe without rubber or felt soles on his shorn. This was unusually 
severe. In other places it has been considered necessary merely to 
forbid persona having shoes with hob nails to walk on or in the pipe. 

In a trench with sandy bottom, it is customary to place sand under 
the pipe at frequent intervals until it is securely in line and grade. In a 
rock trench or wlierc the pijie is to be surrounded with concrete, it is 
usual to spread about 0 in. of sand over the rock. 

The backfilling must be done with regard to avoiding injury to the 
pipe coating as well as to the piix-. The material in the lower part of the 
trench must be well tamped; the backfill on top of the pipe; should begin 
in the middle of each length, leaving the field-riveted joint exposed until 
the test for tightness lias l>een passed. A 5-ft. pipe should be braced on 
the inside during backfilling and when the braces are removed there 
should not be more than 3 in. difference betwwn the horizontal and 
vertical diameter. 

The laying of riveted steel pipe involves the liaudling of long heavy 
sections of pipe, and an attempt should l>c made in such cases to adopt 
a plant which can be used economically for other puriwscs than towering 
pipe. In laying a 72-in. steel pipe sewer in Jersey City, for example, a 
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locomotive crane wiu made to do double ecrvicc, and thus keep down 
the machinery charge against each class of work. It was employed part 
of the time in excavating the trench S-1/2 ft. wide, with a 1-yd. orange- 
peel bucket, and this was rather slow in hardpan, which was reached on a 
part of the work at a depth of 4 ft. This hardpan was loosened with 
picks, but even with this help the bucket was rarely full. Most of the 
excavated material was backfilled on the pipe within ,50 ft. of the place 
where it was taken out, as an attempt was made to keep the length of 
open trench as short as possible. The main use of the locomotive crane 
was liandling the IH-ft. (i-ton limgtlis of riveted pipe, which were first 
taken from a siding to a storage yard and then delivered as needed. 

A riveted steel pipe line was laid in 1907 for the St. Louis water works, 
in a trench which averaged from 10 to 28 ft. in depth. The lengths of 
pipe were delivered along this trench by an electric railway oixirated 
by the city for delivering supplies to pumping stations nearby. The 
pipe were delivered in 2H-ft. lengtiis and were handled into the trench, 
from the side of the railway where they had been delivered, by a stiff- 
legged derrick. Each length had a line attached around its center, a 
piece of rubber hose being tlireaded over the line to prevent any injury 
to the piiKi coating. The riveting was done with pneumatic hammers 
supplied with air by two electrically driven compressors, which took 
their current from the transmission line of the electric railway. The 
whole equipment was very compact, and but little trench was kept open 
ahead of the piite-luying, an advantage in this case because tin; banks 
of the trench stood readily with very little bracing. The (‘xeavation 
in the deiqn'r parts of the trench was made by a 20-ton steam shovel, 
mounted on a platform which spanned the trench and could be rolled 
along plank runways about 3 ft. back from the top of each side of the 
excavation {Eng. linml, Sept. 7, 1907). 

Riveted steel pipe are eximsetl to a special danger on account of their 
light weight in comparison with their diameter. In the case of a 48-in. 
steel main at Kansas City, Mo., for example, the contractor had a section 
of pipe 1500 ft. long broken in two after it had been riveted, but not 
backfilled, owing to a heavy rain that flooded the trench full in a few 
minutes, and lifted the middle of the pipe in a long vertical curve. 
After the pipe had been drained it was found that a vertical rise of over 
2 ft. in the center of the pipe was held up by dirt which had settled 
below it. In a number of places the pipe rose in the bottom of the trench, 
owing to the rising of quicksand; this was remedied by loading the pipe 
as soon as i^ was coupled up. 

SUBAQUEOUS PIPE LAYIWG 

Subaqueous pipe laying is mainly required on sewerage work in 
connection with outfall sewers and inverted siphons. The first work is 
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usually to provide a foundation for the pipe when laid. Sometimee 
this is a trestle forracd'by driving piles in the bed of a stream and then 
sowing them off at the proper height by means of a submerged circular 
saw. Sometimes wooden blocking at a few low points of the bottom will 
answer all purposes. Sometimes it is necessarj’ to excavate a trench 
in rock, and when this is the case it may prove desirable to lay bare the 
site for the pipe, so far as practicable, by running a wing dam out from 
Ihe shore, where there is sufficient current to make this method of get¬ 
ting at the bottom practicable. If the water is shoal for any distance a 
cofferdam may be run out and a trench excavated within it. As a rule, 
however, the usual methods of excavation under water arc preferred by 
contractors, that is to say, they take out the soft material by orange-peel 
or clam-shell buckets or by small dipper dredges. Where rock has to 
be excavated, the holes for blasting are sometimes drilled by a percussion 
drill mounted on blocks held by vortical stays on the side of a scow, a 
method of mounting which has become standardized for drilling work 
of this nature for harbor improvements. 

The pipe are laid in the water by one of three general methods: first, 
lowering the pipe line into the water from some kind of support; second, 
dragging it into place from launching chutes on shore or from scows, 
or, third, by floating it into place. The different methods are best 
explained by giving examples of each. 

In some cases where the bottom of a stream is very soft so that 
dredging results in a very muddy condition of the water and considerable 
uncertainty exists as to what kind of trench is actually produced, sulr- 
merged pipe laying Ixas been carried on by means of a sand pump or 
water jet. At Michigan City, Ind., a 20-in. line was lowered almut 4 ft. 
in this way and at Hammond, Ind., a Ifi-in. riveted pii)e. Where this 
method is used the jiipe is simply laid along the bottom, with the ends 
disconnected from the shore line, and the material under the pipe is 
gradually worked away by means of the pump, the current carrying 
away the silt which is disturbed in this process. The method is, of 
course, an expedient which is only rarely practised. 

Laying Kpe from Supports.—On rare occasions submerged pipe lines 
can be put together on top of a shwt of ice and lowered through a long 
gash cut in it. This was done by t. C. Cooke at Kscanaba, Mich. The 
pipe was 5 in. in diameter, alrout 2(K(f) ft. long, of wrought iron with 
Converse lock joints. After the pi])e was lowered to the Imttom by 
means of rope slings passing over timbers laid across the hole in the ice, 
the material on the bottom under the pipe was excavated by means of a 
water jet, allowing the pipe to settle slowly. 

At Austin, Minn., where 150 ft. of cast-iron pipe were laid across a 
river in- the winter of 1911-12, the contractor, the J. W. Turner Con¬ 
struction Co., placed plank horses across the opening in the ice and hung 
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the pipe from these in a vertical curve corresponding to the profile of the 
river Attorn. When they had l)een jointed, they were carefully lowered, 
without changing the curve, until they were in place. Two flexible 
joints were inserted in the line, but the contractor found them a hin¬ 
drance rather than an aid, because of the necessity for preparing special 
holes in the river bed to receive them. 

About 430 ft. of 3()-in. cast-iron main were laid as a single length at 
Milwaukee, Wis., in the winter of 1SH2-13, The river at the crossing 
has a maximum depth of 12 ft., and the trench in it w!is 4 ft. deep at the 
middle, gradually increasing to a maximum depth of 12 ft. near the shore. 
The piiK) was laid from a trestle. Piles were driven 10 ft. apart transverse 
to the trench and 13 ft. apart along its length. ,4ftcr they were in place 
the trench was excavated with an orange-pwl bucktd. operated from a 
scow. Timber cross-piiwes were placx'd across the trench between the 
piles just above the water level, and on tlu'm th(‘ piiMi were ]>ut together 
and jointed. The pile lands laid heavy caps which were pierced by 
vertical holes through which long threaded iron rods 1-1/2 in.in diameter 
were jiassed. They had a hook at the lower end, from which the pi|a; 
was slung, and at the upper end there was a heavy nut wdiich bore on a 
0 X ('-in. iron plati’ jilaced on top of the caj). A man was stationed at 
each of these nuts with a wrench and at a given signal they gave the 
nuts a half turn. The roils were painted every (i in. so that after the 
line was submerged there would be no question about its sinking into the 
trimch in a fairly horizontal manner. After the pipe lay on the bottom 
a diver blocked it up at the low points, using timber wedges to make 
everything fast. The ends were connected with the shore mains in the 
usual way by the use of eofferdani-s. 

A more ddlicuU ))i])e-laying undertaking carried out in the same 
general manner was executed in connection with the outfall sewer of 
Honolulu. This pipe was a riveted steel iiiaiii 24 in. in diameter, con¬ 
structed on shore in .54-ft. sections. Kach section was encased in a 
4-in. shell of concrete before it was laid. In order to carry on operations 
across the hard l oral reef, where the depth of water varied from 5 to 40 
ft., a pile trestle carrying a 2(>-in. gage track was built on each side of the 
lino of the outfall, the distance between the centers of the two trestles 
lieing about b'l ft. On these trestles a traveler was operated to carry 
the sections from the shore to the place where they were laid; each 
section was carried in (our slings. The total length of the outfall con¬ 
structed in this way was about 1700 ft. 

This method was employed by Loring N. Famum, as contractor, in 
1904, in layffig a 20-in. water main across the Kennebec Rixer at Water- 
ville. Me., for the Kennebec Water District, under the superx ision of one 
of the authors. At the crossing the river is 800 ft. wide and averages 
8 ft. in depth during the summer and autumn. For four-fifths of the 
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distance the river bed is coarse (travel and the remainder is shale. Two 
rows of piles 18 ft. apart were first driven across the river, the piles in 
each row being 10 ft. apart. A brace pile was driven on the downstream 
side of every fourth or fifth pile in the downstream row. Each row was 
capped longitudinally with pairs of 6 X 10-in. stringers 30 ft. long bolted 
together through the top of each pile, which was cut to form a tenon 6 in. 
thick. On, and parallel to these caps were laid 8 X 12-in. stringers 30 ft. 
long, placed so as to break joints with the caps. The stringers served as 
a track on which was rolled a platform carrying a dredging outfit com- 
Jirising boiler, hoisting engine and orange-peel excavator. With this outfit 
ji trench 3 to 5 ft. deep was dug. The piptvlaying followed the dredging 
closely. To secure some flexibility in the pipe line every fourth joint 
wa.s of the R. D. Wood Comitany, Ward flexible type, three ordinary 
lead joints intervening. A number of lengths were jointed abovo water 
and suspended from round logs laid acro.ss the tiinitcr track. As pipe 
was added at the outer end, that previously jointed was gradually 
lowered by slacking the ropes u.scd for suspending the pipes. The 
limit of deflection at the flexible joint was 10 degrees, and although care 
was exerci.scd to prevent reaching or exceeding this limit the Ixillsof two 
flexible joints were cracked in the process of lowering, which shows the 
necessity of exercising great care in laying such pijje lines. The resident 
engineer on the work estimated the total cost, including ovcrluiad 
charges, to the contractor at $4.12 (Mjr foot, made up of $2.22 for the 
trestle and (miferdam, 47 cents for rock excavation, fl cents for hauling 
pil)e, 71 cents for laying piiie and 00 cents for dredging. 

Where there is an unusual range to the tide, it is preferable at times to 
lay the pipe from scows rather than from trcestlcs. For instance, in laying 
a submerged pipe line 30 in. in diameter and 2000 ft. long, forming an 
inverted siphon on the outfall sewer at New Rochelle, N. Y., a pair of 
25 X 00-ft. scows was moored along the line of the trench in which the 
pipe were to l>e laid. This trench had previously betm dug by me.uns of 
a small dipper dredge and what rock had to l)c removed wa.4 drilled with 
drills mounted on wooden blocks which slid lH‘tw(s!n vertical guides on 
the scows. The oiiening between the scows was directly over the trench. 
The pipe were jointed up in four lengths on planks laid from the deck of 
one scow to the deck of the other. When the joints were completed 
these pipe were raised by tackle hung from a frame over the center of 
each length, the planking previously supporting them was removed, and 
they were lowered to the bottom of the trench where the submerged 
joints were made by a diver. If the material near the trench had been 
washed into it enough to interfere with the pijK; laying, the diver blew 
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it out with a hydraulic jet, and if the trench was too low it was easy to 
raise the pipe by means of wedges and blocks. 

The method of laying a 30-in. cast-iron outfall sewer at Salem, as 
described by W. F. Bates in Eng. Nmm, May 28, 1908, differs some¬ 
what from that generally employed where the i)ipe are lowered from 
scows. The contractor used a steam lighter and a tug; seven lengths of 
pipe were put together on the deck of the lighter and the joints run and 
calked in order to form a section for laying. A l.i-in. I-beam about 
75 ft. long, trussed laterally to prevent bending, was suspended from a 
block on the derrick boom of the lighter by four strands of wire rope, 
as shown in Fig. 113. To this beam the section of pipe was strapped 
with 1/2-in. wire rope, two straps to each length except the end lengths. 



Flo. 11.3 —Lowering section of submerged outfall, .Salem, Mass. 

which were held by a single strap. These straps were connected at one 
end by shackles with pins so placed that they could be easily removed 
by the diver and the straps released after the pipe was in position. 
This I-beam was used during the entire work and [iroved a satis¬ 
factory method of handling the section. The betim with a full sec¬ 
tion of 84 ft. of pipe weighed about 15 tons, and was easily handled 
by the derrick. 

In this case, the pipe, after being lowered into the trench, which was 
from 12 to 18 in. below grade to give the diver plenty of room for 
working, was blocked up to the re<)uired grade and held in position by 
wedges. Guides were placed on the bell end of the pipe in position; these 
guides pr^jecterl about 6 in. beyond the end and were made so as to 
help guide the spigot into the joint, and at the same time protect the lead 
from being jammed. The jointing of the special joint was directed by 
ihc diver. The lighter was placed and the guy on the derrick boom 
raised so that when the pipe was in position, by slacking the guy rope, 
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the whole weight was brought to bear and pushed the spigot home with¬ 
out difficulty. The joint made under water was prepared on shore, by 
turning down in a lathe an ordinary spigot end to a slight taper. This 
spigot was inserted into a bell, the joint run full of lead, and the pipe 
then disconnected, leaving the lead in the bell; these pipes were con¬ 
nected again under water and calked by the diver. 

One of the two lines of 60-in. cast-iron pipe forming the outfall sewer, 
3288 ft. long, of the intercepting system at New Bedford, Mass., for 
which the authors were consulting engineers, was laid in 1913 in much 
the same way. The contractor, Patrick McOovern, first dredged the 
trench, most of wliich was in sand, gravel and clay, with some rock 
reiiuiring blasting. The trench had an average depth of 8 ft., and the 
price for it was 55 cents per cubic yard, irrespective of material encoun¬ 
tered. The pipe were assembled on shore in 4.S-ft. sections, each weigh¬ 
ing about 30 tons and having a special taper joint at each end made up on 
shore, as described in the notes on the .Salem outfall sc'wcr. The section 
was suspended by wire ropes from a steel beam, which in turn was sus¬ 
pended from the boom of a derrick scow, thus enabling the section to !)« 
towed out from the shore and lowered into plaice without serious danger 
of injuring the joints. The contract price for this work, including back¬ 
filling the trench, was $16 per linear foot. The work was done under 
VV'illiam F. Williams, at that time city engineer. 

Where streams must be cr 08 .sed in deep trenches and little is known 
regarding the character of the bottom, it is usually considered preferable 
to drive sheet piling and excavate under its protection, rather than to 
allow the trench to be dug with its banks at the natural slojie of the 
material. For example, in laying a 48-in. gas main across the Harlem 
River at New York, in 1910, a 14-ft. trench was dug with the help of 
Lackawanna steel sheet piling. The channel here is about 550 ft. 
wide, and only half of it could bo closed at once, since the river is used 
by many vessels. The trench had to be carried down at places more 
than 40 ft. below the surface of the water, and the river itself had a maxi¬ 
mum depth of about 15 ft. at high water. The permit for laying the pipe 
received from the government required it to be 20 ft. below the bed of 
the river. As soon as the sheet piling was driven, the sand and gravel 
within the piling enclosure were removed by two centrifugal piunpe 
mounted on a scow. A diver tended the suction of each pump and kept 
the material stirred up by means of a 3-in. water jot. When the ma¬ 
terial had been excavated to the full depth the bottom was covered 
with concrete and the pipe laid on it, the joints laiing made under water 
with lead wool and pneumatic tools. Two Icngtlis of pipe were laid 
at a time, the joint between them being made up on the scow which 
lowered the lengths into place. This method of construction was also 
used about the same time for laying a line of 36-in. submerged pipe. 
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In each case the pipe haf> l)ecn covered with a louRitudinal cap or coping 
of concrete, to prevent injury of the main l)y the spuds of dredges, 
anchors of vessels or the future de(!pening of the channel. 

Floating Kpe.—Oil barrels have been utilized many times in sub¬ 
merged pipe laying. The most common method is to join a number 
of them together in two rows, each row covered with plank and support¬ 
ing cross beams or cross trestles from which the pipe to be lowered 
are slung while being jointed, and f turn lowered into a trench previously 
excavated in tlie bottom of the stream. 

An exjierienced layer of submergi'd pipe lines, A. L. Holmes, in a 
paper before the Central Stutr's Water Works As.soeiation in 1902, 
made the following statement regarding large pi))e: 

In laving 24, 20 and ,2fi-in. pipe in det'p water the writer has connected 
40 ft. with lead joints in the usual manner, placing on each end of this sec¬ 
tion a half of a bolted hall joint and lowering this into the trench prepared 
for it, holding one end off the bottom with a piece of wood K X H in. placed 
tinder the huh as the pipe was lowered into place. The next section pre¬ 
pared in the same w ay was lowered into place, and while in the slings and 
held just clear of the hot tom the diver entered the hall into the bell and bolted 
it up, and so the proee.ss was continued. 

The pipe could all he put in shape to lower to the bottom in a harbor or 
where the work could he done most economically, and it was often the case 
that ,5tK) ft. of large pipe were laid in this manner daily, which means that the 
work could he done cheaply and well. Bulkheads were placed over the ends 
of the pipe before they were placed in the water, to exclude fish and riihbish 
while lowering, and were removed by the diver and sent up for use again. 

Mr. Holmes did not advise an attempt to get pipe very ckxsely in line. 
If it zigzags a little it may become tighter when it settles, in his opinion. 
In fact, he recommends in river crossings a curve up.stream, so that as 
the nmterial washi's out under the pijie and it works downstream, it 
may become tighter, if anything, at the joints. 

Two liO-in. cast-iron pipe outfall sewers form part of the South 
Metropolitan .Sewerage System of Boston and vicinity. These were 
laid in 1902-1902 in dredged trenches. The pipe were 12-ft. bell 
and spigot lengths, 1-1/2 in. thick and weighed G tons per length. The 
bottom of the (lipc has an average depth of about 9 ft. below the bod of 
the harbor, and the trench was dredged 2 ft. deeper, to a maximum of 53 
ft. below mean high water. The bottom of thetrenchwas 10 ft. widcand 
the sides slojieil so as to give a mean top width of about 30 ft. Dredg¬ 
ing was in stiff clay. 

In this tfisneii 10-ft. piles were driven in 5-ft. bents of two piles each 
at intervals of 6 ft. These were capped by spruce timbers set to the 
requirwl grade, thus ensuring two points of support for each pipe. The 
piles wore driven with the assistance of a vertical telescopic guide box, 35 
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ft. long when closed, resting upon the bed of the harbor and capable of 
adjustment to varying depths of trench and conditions of tide. In 
this contrivance, a cylindrical hammer 10 ft. long descended upon a pile 
placed within the inner box. A 75-ft. lighter- was used for the pile 
driving work. 

The pipe were laid in 48-ft. sections, consisting of three lengtlis of 
ordiiiar>- spigot and socket pi|w and one length having the spigot turned 
to a slight taj)er for a distance of 5-1/2 in. This spigot was readily 
inserted upon the wharf into the bell of the pi|Hi which was to form the 
leading end of a section, and the vacant space entirely filled with lead, 
but without calking. The spigot was then withdraw'n, to be used as the 
rear end of the following section. 

The four pipes forming a section W(‘re then arranged, in their proper 
order, on a floating caisson lashed to the aide of a second lighter, the 
three ordinary joints lining run an<l cnikc-il in the usiuil manner. The 
caisson was a hi'avy timber .structure of asiMiciahlesign patented by the 
contractor, (i ft. scpiare outside and 52 ft. long, built of (i-in. hard pine 
and divided by eight transverse bulkheads iidii idne coinpartraonts 
which could be separately flooded. On one face of the caisson eight 
timber saddles, .shapi-d to the external contour of the jiifs', served as a 
resting place for the jiipe section, which was firmly secured by chains 
and turnbuckles. When filled with water the cai.sson was sufficiently 
heavy to sink, but when empty its flotation was sufficient to support a 
section weighing about 24 tons. On being released from the lighter, tho 
section immediately turned over, so that the pipe were suspended from 
it in the water. Then, through openings controlled by plugs, the com¬ 
partments were sufficiently flooded to sink the whole. Arrived at the 
bottom, still attached to the caisson, the pipe were adjusted by divers 
to line and grade, upon the caps, and the ta|s-red spigot was drawn 
home in the leaded licll of the preceding section, by moans of ratohot 
jacks actuated by levers. For the latter purimsc the leaded liell was 
temporarily fitti-d with a collar provided with four guides to ensure the 
entry of the tapered spigot without damage to the lead mold. When 
the pipe were finally secureil in position by wedges spiked to the 
pile caps, the cai.sson was filled with water, thus rendering it too heavy 
to float, and released from the completed section. It was then hauled 
to the surface by steam winches on the lighters and the water was forced 
out of the compartment by an air pump. The siieoial joint between the 
sections was calked before the excavated material was deposited from 
the scows in the trench and over the pipe. 

A riveted steel pipe, 5-1/4 ft. in diameter and about 2650 ft. long, is 
used as an outfall sewer into Lake Krie, at the end of the main inter- 
cepter of Cleveland. The pipe was delivered in 50-ft. lengths, with a 
hca \7 angle iron flange riveted on each end. These lengths were 
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I’Ki. 114. 


assembled into sections of 150 ft. on the dock, bulkheads were placed on 
the ends of these sections, and they were then towed about 8 miles to the 
trench excavated in the bottom of the lake to receive them. Openings 
were then made in the bulkheads, and the pipe were allowed to fill 
slowly and settle gradually into their place in the trench, where a diver 
connected the sections together by means of the special submarine joint 
shown in Kg. 114 (Eng. News, March 28, 1912). 

The lightness of large steel pipe is sometimes an objection to their use, 
owing to the possibility that unless they arc firmly bedded when landed 
on the bottom of the river or pond in which they are laid, the waves 
may roll tluiin about. In order to avoid anything of this sort in the 
case of a 3-ft. steel pi|)e (iOO ft. long, put together as a single length and 
then flouted into position at Blackpool, England, transverse steel bed 

plates were riveted to the pipe 
at 18-ft. centers, in order to act 
as feet. This particular pijje 
was floated 3 miles from the 
place where it was put together 
on the shore, to its final position 
as an extension of an old out¬ 
fall sewer. 

Where submerged outfalls ex¬ 
tend a considerable distance 
from the shore, in localities ex¬ 
posed to heavy winds, it is fre¬ 
quently desirable to i)rovidc against these winds in drawing up the 
plane for construction. For instance, at Pensacola, Fla., where the 
sewage is diseluirged through a 24-in. outfall, 3000 ft. long, and a 
20-in. outfall 2700 ft. long, the contractor originally provided two 
lines of piles along the trench in which each pipe was laid. These 
linos were intended to act as anchors for the pipe, which was put to¬ 
gether on shore, with the free end bulk-headed, and then hauled out 
slowly, floating out into the bay between the lines of piles. The con¬ 
tractor feared that the pit* line would not float and attached a num¬ 
ber of barrels to it. These became entangled with the piles, and even¬ 
tually the contractor took up a large number of the piles. After this 
was done a heavy storm arose and the pipe line, having no piles to hold 
it on the leeward side, floated away, and a number of the joints were so 
strained that they leaked badly, allowing the pipe to settle to the 
bottom. 

Pulling ftpe into Place. —An instance of the method of laying sub¬ 
merged pipe by liauling them out from the shore, was afforded by two 
lines of 18-in. pi|>r with flexible joints, each line about .500 ft. in length, 
constructed in 1910 at Vancouver. Achutewas first constructed on one 
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shore of the narrows to be crossed. This was built of 3 X 13-in. lumber 
supported by trestles, and was as long as the main to be submerged. 
The inner portion of the chute was greased like the ways of a shipj-ard 
and a short board was placed under the bell end of each pipe as it was 
laid in the trough. This pipe was furnished in 9-ft. lengths, and each 
flexible joint was capable of a deflection of 19 deg. After the entire 
line of pipe had been made up in this way, a 1-1/2-in. steel cable was 
drawn through it and fastened at each end to eye bolts of 2 in. Norway 
iron about 8 ft. long. These bolts passed through cast-iron caps at 
each end of the pipe. The rear bolt was threaded for about 6 ft. and was 
drawn taut by means of a large nut; the front bolt served to take up the 
strain from the rear bolt, through the cable, thus holding the lengths 
of pipe together and preventing much strain coming on the flexible joints. 
The pipe line was moved by three 1-1 /2-in. steel hauling cables which were 
fastened to the pipe, one at the forward eye bolt, one at the front end and 
one a third of the distance back from the front end. The hauling cables 
were carried across the narrows and up a bank on the other side to five 
capstans, operated by horses and transmitting a strain of about 180 tons 
to the hauling cables. In order to prevent water entering the pipe and 
thus making the moving more difficult, air under a pressure of 60 to 60 
lb. to the square inch was delivered continuously through the pipe while 
it was being moved. 

It is not often that lengtlis of submerged piix: arc entirely con¬ 
structed on the shore before they arc hauled across, as was the case 
at Vancouver. As a rule a few lengtlis are coupled together at the end 
of the section already in the water. This section is buoyed by oil 
barrels or other substantial floats, so that it does not drag along the 
bottom and offer resistance in this way to being hauled across the 
channel. For example, when E. L. Abbott laid a 10-in. main across the 
Missouri River at South Bend, Mo., he built a cradle of two 12 X 12-iu. 
timbers, placed 9 in. apart in the clear and held together at the bottom 
by 2 X 10-in. timbers. This was built on the bank of the river extend¬ 
ing out to deep water, and was long enough to lay and joint four lengths 
of pipe. Three empty barrels wore attached to each length of pipe with 
ropes about 1 ft. shorter than the average depth of water. The end 
of the pipe in the river was plugged to keep out the water and had a rope 
attached to it, which was carried across the river and made fast to the 
drum of a hoist on the other shore. When a convenient iiumbOT of 
lengths of pipe had been prepared on the cradle, they were pulled out 
into the stream by means of the hoist until all but the last length were 
under water. Additional lengths were than added to the shore end and 
the operation was repeated until the crossing was completed. Barrels 
floated ■ all the pipe except the portion resting on the timber cradle, 
where the friction was slight, and the entire line was easily moved. 
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JOINTING SEWER PIPE 

Many of tho early tile drains built in Kn^land and Germany had the 
joints filled witlulay. lialdwin hat ham.says, in liis “.Sanitary Engineer- 
ing” published in bsTS, “the material ino-st commonly used for jointing 
pilxiB is clay, which is one of the worst materials that could be found for 
the piirpo.se. With the advent, however, of separate systems of 
sewerage and iiarticularly of treatment plants, the matter of leakage 
heeatiie imjKirtunt and precluded the use of such unreliable material for 
jointing. 

Cement, either neat or mixed with sand, was early employed, and 
although by no means ideal for this purixise, its use has become very 
extensive. It is very diHicult, particularly in wet trenches, to make 
cement joints reasonably tight, and the water, es|x!eially running water, 
must be kept down below the cement in the joints until the mortar has 



acquired a fairly haid set. Furthermore, the rigidity of the joint after 
it has set is such that if any settlement takes place the pi|X! is likely to 
break. Conseiiuently it is only natural that many attempts have been 
made to overcome the defects of the ordinary cement joint, either by 
varying the form of joint, or by using other materials, such as asphalt, 
sulphur and sand, tar and various patented mixturi'S. 

The Stanford joint. Fig. 115, was much used in England at one time, 
and has Ixien usi'd at a few places in the I’nitcd .States. It is made by 
casting on the spigot and in the socket of each pijx*, rings consisting of a 
mixture of sulphur, tar and sand. When the castings have liardened 
they are coated with oil or grease and the pipes shoved together, one 
ring Btting inside the other. Tliis and similar types were developed by 
l^ulton & Co., of Ixindon. Other forms have projections cast on one 
aide of the spigot, so that when inserted in the socket this projection 
330 
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rests on the bottom and insures a correct centering of the pipe. Still 
other types have annular spaces cast on the inside of the socket, and after 
the spigot is inserted this space is tilled witli liquid cement poured 
through holes in the socket. 

Pipe other than the simple bell and spigot type have never been much 
used in the United States, but various jointing materials have been 
employed to a considerable extent. A modification of the Stanford 
composition, consisting of heated sulphur and sand pourtxl into the joint 
space in a way similar to that folloTOd in making lead joints for cast-iron 
pipe, has given satisfaction in many places. Leadite, a patented article 
having a somewhat similar composition but mixed ready for use, gives 
similar results and seems to be more easily manipulated than the plain 
mixture of sulphur and sand. .4nother ])atented sulphur and sand com¬ 
position is known as Pozile. 

A preparation of a somewhat different tyi», known as (1-K Compound, 
has been used at a number of places in the United Stales. It is molted at 
a high temperature and poured. When the joints are made with this 
or other similar material, tliey are somewhat flexible and are claimed to 
withstand alight settlement without fraeturc. It is claimisl that it can 
be used successfuliy when the pipe are wet or partly under water. 

Cement Joints.—The cement for joints may Ire used citluT neat or in 
proportions of 1 to I or 1 to 2 parts of sand, although the more cement 
there is in the mortar the more easily it will bo molded and forced into 
l)lace. When the cement is used neat there is a tendency toward shrink¬ 
age and cracks may develop. On the otlier hand, when mixed with sand 
it takes a somewhat longer time for it to set. It is usual before inserting 
the spigot of the j)i|K‘ in the l)ell of the previous piiic, to place a gasket 
formed of a piece of jute or oakum, soaked in cement grout, around the 
spigot. The principal object of this gasket is to kwp the pipe concentric 
and prevent the squeezing out of the mortar in the bottom of the joint. 
When no gasket is used, it is customary to place some mortar in the lower 
part of the. bell before inserting the spigot of the next pipe. The func¬ 
tion of this mortar is to hold the pipe in its proper position while making 
the joint, but in twisting and working the pi[)c into its proper position 
some of the mortar may be squeezed out and the joint may leak at 
this point. 

After the pipe is in position, a man provided with a trowel and rubber 
gloves fills the joint carefully with mortar, working it into place with a 
wooden calking tool. The joint is usually overfilled, providing a bevel 
of about 45 deg., and the joint is well smoothed off. Tests have shown 
that these overfilled joint* are customarily more nearly water-tight than 
flush joints. In some cases where unusual care is used, the joints are 
at first only partly filled with mortar and then another gasket is rammed 
into place flush with the outside of the bell, when the joint is overfilled 
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with mortar. After the joint is made, it is well to wrap it with a piece 
of cheesecloth, securely tied at the top, thus holding the mortar in place, 
for there is a tendency for the mortar to sag and fall out of and away 
from the joint, especially if the mortar is rather wet. The use of cloth 
in this manner makes it possii)le to use a rather moist mortar with which 
a better joint can generally be made than with a dry stiff mortar. 

The trenches in which tlie sewers of Batavia, N. Y., were laid in 1912 
were unusually wet, and for this reason, although pumping was resorted 
to, no attempt was made to lay pipe in the dry. A patent gasket was 
employed for making the joints in the lower part of the pipe; this was a 
series of pockets of muslin cloth dipped in glue, the pockets between 
the partitions being filled with cement and sand mortar. One of these 
gaskets was placed in the invert of the bell of the last pipe laid. The 
pipe had deep and wide sockets; the spigot of the next pipe was entered 
into the Irell of the preceding one at the top of the bell and then dropped. 
Its fall broke the partitions of glue in the gasket and made a ring of 
cement enclosed in muslin in the invert, which the pipe layer calked. 
The rest of the joint was made with oakum and cement in the ordinary 
way. This work was done under the direction of Charles Hoopes {Eng, 
Record, Nov. 19, 1912). 

Pipe known as the deep and wide socket tyi«‘ have many advocates 
among engineers, but it is a matter of controversy as to how much ad¬ 
vantage they have over the stainlard bell and spigot type. Tests made 
by Freeman C. Coffin and others indicate that deep and wide sockets arc 
somewhat more likely to leak than standard sockets, owing to the large 
space which must he filled with more or le.ss porous cement and sand. It 
is probable, on the whole, tluit the standard pipe will be found generally 
satisfactorj’, provided it is made as it should be, with the liells and 
spigots unifumdy circular and of standard dimensions, so that there is 
everywhere the spfsjified space for joints. Difficulties with standard 
pipe are largely due to the jointing space being so small in places that 
it is impossible to get the ga.sket and mortar into it properly. 

One great trouble with poorly made cement joints is the entrance of 
roots of trees into the sewer. An almost capillary opening is all that is 
necessary to allow a root seeking moisture to obtain entrance, and after 
having gained an entrance it sometimes grows very rapidly, filling up 
the sewer and forcing the mortar out of the joints. When making a 
mortar joint in a wet trench it is, of course, desirable to keep water en¬ 
tirely away from the joint while it is being made, either by pumping 
or drainage in other ways. After the joint has been made earth may be 
carefully t8«p<!d under and around it, but unless the joint is provided 
with a band of cheesecloth tied around it to hold the mortar in place, 
there is always danger of knocking off the mortar or of its sagging away 
from the joint. 
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The amount of mortar required for making jointe in pipe seweni may 
be estimated roughly with the aid of Table 66 compiled from Freeman 
C. Coffin’s paper on “Tests of Cement Joints for Kpe Sewers" (Jour. 
Assoc. Eng. Socs., 1894). These tables are for both flush and overfilled 
or beveled joints and for both standard and deep-and-wide sockets. 
Thicknesses of pipe shells and of cement spaces within bells differ, and 
consequently no table can be more than approximately correct. 


Table .W.—Cobio Feet or Moktah Required for 100 Joints in Pin 
Sewers 

_(Froeman C Coffin) 


Diameter, 

JoiqUi fininhod flush 

Overfilled jointe 

mehes ! 

Sianilard 

Deep socket 

Standard 

Deep ioeket 

4 

0 45 

1 

91 

1 13 

{ 3.46 

5 

0 .54 

2 

:i4 

1 34 

i 4.00 

6 : 

0 65 

2 

67 

1 95 

1 5.57 

8 

0 80 

3 

32 

3 15 

i 7 62 

10 

1 t)() 

4 

06 

3 93 

! 9.26 

12 

1 40 

4 

78 

4 79 

10.93 

15 

2 20 

7 

OH 

6 40 

1 16.03 

18 

2 70 

K 

45 

8 77 

1 19 05 

20 ’ 

:) (K) 

9 

37 

14 43 

1 24 07 

24 

:i .50 

14 

.52 

17 00 

1 33 12 


Sne Table 50 for ijuantity of mulerialB for a cubic yard of mortar 


Cement pipe sometimes have no bells. The joints arc made with bands 
or rings, one end of each length liaving an inside bevel and the other 
an outside bevel, such as were used with some vitrified sewer pipe in 
England in the l.a.st quarter of the nineteenth century. Such pipe have 
been employed extensively in the vicinity of Los Angeles, Cal., and in 
Eng. Rec., May 6, 1911, J. Alden Griffin, assistant engineer in the office 
of the city engineer of Los Angeles, published some suggestions regard¬ 
ing the jointing of such pipe. As with the usual bell-and-socket pipe, 
it was necessary to prepare the bed of the trench so that the pipe would 
rest securely along their entire length with the exception of the holes 
cut or dug under each pipe joint to receive the band. Special care had to 
be taken in adjusting the lengths of pipe to grade to prevent the work¬ 
men from doing this by using clods or other objects which would not 
give a permanently uniform stable support. In order to avoid repairing 
future leaks, it was found to be essential, when pipe have to be raised 
to produce a good grade, to throw dirt over the low portions of the trench 
and tamp it thorouglily. While this took time, digging up the pipe 
was a far more tedious operation. 

It was early found that cement pipe could never be laid down hill and 
secure a satisfactory job, and that they must always be laid up hill so 
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that the shrinkage of the joint could take place without cracking the 
band, the weight of the pipe being on the joint instead of pulling from it. 
In the climate of Los Angeles it has btwn found advisable never to place 
djrf on a new band in order to shade it, because the dirt absorbed mois¬ 
ture from the mortar and rendered it practically worthless. The new 
bands were best shaded from the direct rays of the sun for at least half 
an hour before placing any backfill on them, by means of canvas or 
boards laid across the trench. After the bands had set for half an hour 
it was found desirable to wet them and then add the backfilling. Great 
care was necessary in the backfilling or otherwise the joints would be 
cracked; the tendency of workmen to consolidate the filling by tramping 
on it had to be guarded agiiiiisl eontiniially. 

Where joints are made with eeinent mortar, particularly if gaskets 
arc not used, there is danger of the mortar being forced into the interior 
of the pi[)e. If not removed, it will harden and form obstructions. It 
is therefore desirable to scrape clean the inner surface of the sewer as laid, 
for which pur[«i.se a “go-devil” has proved effective. It is made of two 
round wooden disks slightly smaller than the bore of the pipe. Each 
disk is made of two thin woodi'ii blocks which are clamped together 
securely with a |>iece of cloth-iiLsertion rubber packing between them, 
cut to fit tightly in the bore of the )>i[«‘. The disks are fastened to¬ 
gether about 2 ft. apart by three 1 ,'4-in. iron rods. A ;j/4-in. Manila 
rope passing through ami fasteni'd to the disks is threadeil through the 
pipe as laid, after which the go-devil is pulled along, effectually cleaning 
the pipe line. poor substitute for this devic<‘ is the swab or “half¬ 
moon.” made from a piece of board cut to the curve of the interior of 
the pipe, but not filling it. This board, fastened to a stick a little 
longer than the jiipe, is drawn along first on top and then on the bottom, 
to clean the eomph ted sewer. 

Tests of Cement Joints.—Tests of cement joints were made by Prof. 
Maivcrd A. Howe at the Hose Polvtechnic Institute in 1H92 (Jour. 
Assn. Eng. Sacs., June, ISO]). They were made on the ordinary bell 
and spigot joint, the corrugated bell and spigot, ring joint, and the 

.Archer water-tight” joint made in England. The results of some of 
these testa are given in Volume I. 

In 1804 Fret'man C. Coffin carried out experiments on cement joints 
(Jour. Assn. Eng. Socs., Dec., 1894), with Portland and Rosendalc 
cemont as jointing material, each of these being tried with and without 
the addition of sand. Tests were made under a uniform head of 5 ft. 
above the center of the pipe, which was considered the average head of 
ground water^on sewers. The pipe used were 6 in. in diameter and in 
lengths of 1 ft. Three forms of joints were tested, the standard, the 
deep socket, and the deep socket with round-about grooves on the inside 
of the socket and outside of the spigot end of the pipe. Mr. Coffin 
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expressed the opinion that with joints equally well made, the seepage 
would vary as the thickness of the joint and inversely as the depthj and 
in comparing the flush with the overfilled joints a decided gwn troin 
overfilling was found, although there was a greater eccentricity in the 
results of the overfilled joints. 

In the tests of joints made with Roscndalo cement it was found that 
the neat cement made a poorer record than either a 1:1 or 1:2 sand mix¬ 
ture. The best results seemed to be obtained when the mortar was of 
such consistency that the largest amount would stay upon a trowel, 
neither falling apart from dryness nor running from moisture. 

Mr. Coffin summarizes his results as follows: With the standard joint 
the .small amount of room for cement made it exceedingly difficult to 
make a full joint in the trench, and while the tests showed fairly good 
results he thought it impossible to approximate to such results in actual 
practice in a wet trench. For this re.a.son he ineferred to use a larger 
and deeper socket where tight work was desirable. With such sockets 
the mortar could be more easily put into the joint and a wooden rummer 
of sufficient thickno.sa to be effective in compacting the mortar could be 
used. The greater depth of the joint apjreared to rerluco the seepage 
and to render it more likely that imfwrftadly filled portions of the joints 
woulil be covered by better compacted portioiui. It also gave a greater 
body of cement to resist the action of water reaching it Isiforo it set; 
and allowed the mortar to be placed within the joint instead of outside 
it. Mortar applied to the outside of joints was of doubtful value, ho 
thought, in a trench where water was liable to reach it Is-fore it had set. 
The increased length of the joint aided very materially in preventing 
the pipe from moving in the joint and thus making a direct passage into 
it for the water. A gasket apparently increased the leakage by reducing 
the length of the joint and also the resistance to the passage of water; 
but in a verj’ bad trench, where the water was likely to blow or wash 
the cement from the joint, it would prevent the sand from entering the 
pipe, and, if thoroughly saturated in a grout of neat cement, miglit aid 
in preventing the passage of water. 

He advocated the use of 3-ft. instead of 2-ft. lengtlis of pipe, in order 
to reduce the number of joints, and also that two or more joints of the 
pipe should be put together on the bank and allowed to set before being 
placed in the trench. The difficulty in making joints on the bank was 
stated to lie in the alignment of the pipe. The ends wore not square 
and true and could not Ix) depended upon to give proper alignment. 

F. A. Barlmur, in connection with tests on the strength of sewer pipe, 
also made at Brockton, Mass., some tests of the joints (Jour. Assn. 
Eng. Sock., Dec., 1897). He found the most notable result was the 
small leakage in shallow joints. He explained this result as follows: 
In the shallow joint the cement was perfectly hard and compact, follow- 

23 
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ing well the outline of the piix', while in the deeper joint the clinging of 
the cement to the sides made it difficult to fill the space unless the width 
was proportionally increased, or efforts out of all comparison with actual 
practice were made. Expcrinientally a joint 3/4 in. deep was as water¬ 
tight as one 3 in, deep made with the same effort. In practice the 
difficulty of keeping the green cement from falling out of a shallow joint 
made the allowable minimum depth of joint greater than this. The 
value of overfilling was very considerable. In tests of 1:1 and 1: 2 
mortar joints, the leakage differed but little from that with neat joints, 
and Mr. Barbour held that so long as the percentage of cement was 
sufficient to fill the voids in the sand, the leakage through mortar made 
of clean, sharp sand and cement should differ little from that through 
neat cement. He concluded that, experimentally, a tight joint, under a 
6-ft. head, could !«■ made by using dry mortar and sufficient tamping; 
that from joints made more nearly as iii practice little information 
could be obtained; that all joints should be overfilled; that joints less 
than 1/2 in. wide could not be made tight without undue labor; that 
the difference between Kosendale and Portland cement joints was slight 
after an 18-hr. set; that an overfilled shallow joint was as tight as a 
deeper joint, unless gnat care, seldom taken in practice, was used to 
fill the deeper joint. 

Sulphur and Sand Joints.—A composition of sulphur, tar and sand 
for joints has lieen used for a long time in England, in the preparation 
of the so-called Stanford joint, and is now used, without the tar, to a 
considerable extent in the United States. This jointing material con¬ 
sists of a mixture of about equal parts of very fine sand and sulphur, 
heated and ])oured like lead in making joints for ca.st-iron pipe. 

There are some difficulties encountered in the manipulation of this 
material. The sand used should bo very fine, and of such quality that 
no grit is felt when it is rubbed between the fingers. The mixture must 
not be made too hot, for if it is it changes from a liquid ma.ss to a semi- 
plastic one that cannot Iks poured. It is, however, only necessary to cool 
it off to the proper temiwraturc in order to make it become liquid 
again. For the manipulation of this material a gasoline furnace is very 
desirable, if not absolutely necessary, in order to Ije able to regulate the 
temperature proimrly. It is very desirable to build up a funnel or gate 
of clay, 3 in. or more in height, through which to fill the joint, as this 
pouring under a alight head or pressure fills the space better and takes 
better care of the shrinkage. The neck of the fimnel should be at least 
l/2 in. in diameter to prevent chilling of the liquid as it is poured. 

With pipe HP to 18 in. in diameter, it is customary to joint two or three 
lengths of pipe on the bank, which is a great advantage, as these joints 
can be made under the beet possible conditions. In cold weather and 
with large pipe it is sometimes difficult to get the material to fill the 
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bottom of the joint, as it cools very rapidly, A piece of jute thrown over 
the pipe close to the joint and lighted, will usually provide suffiraent 
heat to prevent this difficulty. The use of sand in the mixture is to 
hold it to constant volume while cooling and to prevent shrinkage, 
which occurs if too little sand is used. It is very important to experi¬ 
ment in order to get the proper mixture, for it is found that with unsuit¬ 
able or insufficient sand the shrinkage may be groat enough to allow the 
sulphur to become loose from the pii)e8. If the sand is too coarse the 
mixture will not be uniform, for the sand sinks to the bottom of the 
heating kettle. 

After the joints are poured they are sometimes painted or coated with 
a layer of roofing pitch to insure their water-tightness. 

This type of joint has been used for many years at Newton, Mass., 
where it has given satisfaction. It is claimed that no cases have been 
found where roots of tntes have obtained an entrance to sewors through 
such joints. It was also used as early as HKX), or thereabouts, for the 
sowers built by Alexander Potter for a number of municipalities in New 
Jersey. He cmployerl a mixture of sulphur and sand in the proportions 
of 1 to 1, approximately, heated together at a temperature of 230“ F. 
and poured in tlu^ usual manner. He reported that the physical and 
chemical tests of the mixture showed it to 1«! superior in all respects to 
Portland cement mortar, both neat and mixed with sand, and his papers 
on the subject first called general attention to it in this country. Tests 
indicated that while the tensile strength of pure sulphur was about 100 
lb. to the square inch, the sulphur and sand composition had a tensile 
strength of 400 to 700 lb. to the square inch. Several briquettes tested 
2 hours after they had l)cen f«)ured broke at 070 lb. to the square inch. 
He liad samples of the mixture analyzed, and found that under a 72- 
hour test the composition was not affpcUal by any of the acids or alkaline 
liquors to which the samples were submitted when present in such quan¬ 
tities as are likely to be found in sewage. The tests also showed that 
the mixture was practically impervious to water, the absorption averag¬ 
ing 0.017 per cent. 

The tests indicated that the more sand the sulphur could take up and 
yet run freely, the stronger the resultant mixture would be. They also 
showed that the finer the sand the more satisfactory the results. Coarse 
sand precipitated more rapidly and was practically useless. A sand 
which was satisfactory in use Ixad an effective size of 0.135 mm. Ex¬ 
periments were made with fine Long Island beach sand, but this was 
found unsatisfactoiy. 

This form of joint had the further advantage, Mr. Potter said, that 
water could be allowed to rise in the ditch 1 minute after the joint had 
been made. It was also proof against the intrusion of roots into the 
sewer. He found that under the conditions usually existing in sewer 
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work, this joint would cost somewhat more than cement joints, but that 
if a reasonable effort was made to secure tight sewers with cement joints, 
the cost of joints of sulphur and sand would be no greater. The rigidity 
of joints formed of this material made it almost essential to deposit con¬ 
crete under the haunches of the large pipe, he said. Tests were made 
with crude Sicilian, roll, and flour sulphur, the last being the most 
expensive of the three but the most satisfactory and easy to handle. 
The most serviceable size of melt iug pot was one holding enough material 
for at least three joints on the larger pipe and a dozen on the small pipe, 
at one time. The s|)ecific gravity of the melted mixture was 2.40, Mr. 
Potter said. The cost of the joints he gave in Table 57. 
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At Louisville (Report Sewerage Commission, 1907-1910) sulphur-sand 
joints were used m laying a large number of lateral sewers. In the pre¬ 
liminary stage of Itii.s work a mixture of sulphur and sand in equal parts 
was tried, a very line molding sand from a local pit being used. From 
the first this mixture gave trouble, several radial cracks appearing on 
each joint as soon as the joint was poured, and about 12 hours after being 
poured the joint loosened, permitting the easy separation of pipe. 
Investigation showed that the sand contained a considerable (lercentage 
of clay. It was therefore washed, but the results were not much better. 
Finally another very fine sand with less clay in it was used, and that 
was found to work satisfactorily, particularly in a mixture of 6 parts 
molding sand, 4 parts Ohio River .sand, and 10 parts sulphur. It 
was found that the mixture would practically melt at 200° F., and 
that it became thin and suitable for pouring at about 260° F. If the 
temperature rose more than 25° to 40° higher, however, the mixture 
would becoi* thick and plastic and could not be poured. 

After the joint had licen poured, an asbestos jointer being used for 
the purjxiae, and while it was warm, it was coated with hot tilr pitch 
as a further precaution against leakage. Within 5 minutes after 
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the joint was poured, the entire length of three or four pipe, which 
had been put together on the bank, could l)e removed from the cradle 
and placed in position in the trench. 

When water was encountered in the work, care was taken to hold its 
level below the pipe joints, as otherwise the liquid mixture did not 
enter the submerged portion of the joint. For joints formed on the bank 
it was found desirable to have a substantially built cradle with templets 
to hold the pipe accurately in alignment. It was found that good 
briquettes made of sulphur and sand of the pro|)ortions used on the works 
showed a tensile strength of from .520 to 640 lb. per sejuare inch. 

A difficulty with this kind of a joint is that it is absolutely rigid. As 
a result, unless the bottom of the trench conforms accurately to the shape 
of the pipe or if the backfilling is [joorly done, the pipe are likely to lie- 
eome broken. This difficulty is not so great in the ciise of cement joints, 
although after the cement is set the joint is rigid. Much of the settle¬ 
ment and adjustment takes place before this occurs. Numerous 
attonipts have been made to overcome this diffumlty by the use of the 
so-called plastic joints, and many engineers look with considerable 
favor on the asphalt joint. 

Asphalt and Tar Joints.—Asphalt joints have bren used for many 
years in German cities, ap|)arently with success, and in some places in 
the United Hlates. An ot)j<!Ction to the material is that it melts at 
a rather low point, which prevents its successful use in idaccs where 
large quantities of hot water or steam find their way into the sewers, 
as is the case in some large cities. In Germany the engineers advocate 
the use of natural a8i)tuilt, but there is among American engineers a 
question as to the durability of this material, because of the possibility 
of its deterioration in the presence of water and chemical agents. Some 
coal-tar products may possibly 1)C better adapted to this purpose, but 
there are no data of value on this subject. 

Carl Hcnneking, City Engineer of Ellwrfeld, Germany {Erif. Record, 
Dec. 25,1909), where asphalt has beim used successfully for many years, 
gives the following necessary conditions for making satisfactory joints 
of this material: 

1. The surfaces must be absolutely dry and clean licforc pouring. 

2. The asphalt must be free from impurities which would tend to promote 
the formation of bubbles. 

3. The asphalt must be very fluid. 

4. The pour must be made at one time and continued until the asphalt 
reappears at the opposite side of the pour hole. 

6. The pipes must be well aligned and the jute calked in so as to prevent 
the asphalt from entering the inside of the pipe. 

6. Tbe melting tank must be kept cloned so as to pn-vent the escape of 
the light oils. 
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The average specific gravity of the asphalt used by Mr. Henncking 
was 1.32; it began to soften at 131° F., at 350° it became liquid, and at 
378° it was ready to pour. 

About 2000 ft. of 12-in. sewer were laid in 1908 at Monmouth, Ill., 
under the direction of John S. Bates, who used an asphalt joint on 
account of the very poor character of the ecment joints made in the 
city just prior to that time. For the joint he ased a preparation made 
by the American Asphaltum & Rubber Co., known as Pioneer Water¬ 
proofing Asphalt. In a description of the work in Eng. Record, Jan. 9, 
1909, ho stated that he used only enough oakum to prevent the melted 
asphalt from running through to the inside of the pipe. A jointer made 
of 1-in. square duck packing, smeared with mud to prevent the filler 
from sticking, w’as tamped firmly in place, care being taken that no 
water was left in the joint 8i)ace to form steam. This was accompli-shed 
by enlarging the bell hole in the bottom of the trench and dipping this 
hole free of water just before placing the next pipe. The asphalt was 
heated in a kettle near the works and enough for a joint was easily 
handled and poured by one man. The time required for the complete 
joint was a little more than that necessary to make a cement joint. 
The filler required about 5 minutes to cool sufficiently to hold its shape 
and permit the gasket to be removed. The cooling was aided by pouring 
water from the bell hole over the joint. The work was much facilitated 
by making every alternate joint on the top of the bank, and thus re¬ 
ducing the amount of work to be done in the trench. In very shallow 
trenches, three Icngtlis of pipe were joined on the bank, but this made 
too long a section to be handled easily as a rule. The joints made on 
the bank were made by standing a pipe vertically on the spigot end and 
placing a second pipe in irosition above it, so as to enable the two to bo 
accurately centered before the oakum was inserted and the joint 
poured, this last work requiring no gasket. 

Information relating to the cost of asphalt joints at North Attle¬ 
borough, Mass., was given in Eng. Record, Nov. 18, 1911, by Frank A. 
Barbour, Consulting Engineer of the new sewerage system of tlrnt place. 
The sewers were in three sizes: 15 in. diameter, deep and wide socket 
pipe in 3-ft. lengths, 12-in. standard pijxt in 3-ft. lengths, and 10-in. 
standard pipe in 3-ft. lengths. Two brands of asphaltic compound 
were used, the Pioneer Filler asphalt, furnished by the American 
Asphaltum & Rubber Co., at S28.50 f.o.b. Clucago per gross ton, and 
Kioto Asphalt Sewer Pipe Composition, furnished by Warren Brothers 
Co., at 128 f.o.b. Boston per gross ton. The former averaged 236 gal. 
per ton, mafing the weight per gallon 8.05 lb. and the price 12.1 cents 
per gallon. The latter was considerably heavier, running 145 gal. to 
the ton, so that the weight per gallon was 15 lb. and the price 19.3 
cents per gallon. The joints were made by using three strands of jute 
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gasket, which filled the joint to a depth of about 3/4 in., the remaining 
depth to the face of the bell l)cing poured with hot asphalt, using a 
regular cast-iron pipe clip and overfilling with cement mortar on the 
outside. 

For the 15-in. pipe sewer, from 3.37 to 5.7 lb. of asphalt were used 
per joint, and the cost was from l.C to 2.8 cents ])er foot of pipe. The 
cost of laying, including cement, was from 11.8 to 10.5 cents per foot. 

On the 12-in. sewers 1.31 lb. of asphalt per joint were used, and the 
cost of laying, without cement, was 8.9 cents per foot. In laying the 
10-in. pipe from 1 to 1.95 lb. of asphalt were used per joint and the 
cost of laying, without cement, was from 8.1 to 11.3 cents per foot. 

E. J. Fort, Chief Eng. of Sewers, Brooklyn, N. Y., has recently 
drawn up a specification for bituminous joints which reads as follows: 

“All joints of the sanitary pipe sewers below the normal water table 
shall be made with a compound approved by the chief engineer. The 
compound shall preferably have a bituminous base, shall adhere firmly to 
the glazed surface of the pipe, shall melt and run frwdy at a temperature as 
low as 2.50° K., and when set shall be sufficiently elastic to permit of a slight 
movement of the pipe without injury to the joint or breaking the adhesion 
of the compound to the pipe. The compound shall not deteriorate when 
submerged in fresh or salt water or normal domestic sewage. It shall also 
show no deterioration of any kind when immersed for a period of H days 
in a 1 per cent, hydrochloric acid solution, nor when immersed for 5 days 
in a 5 per cent, solution of caustic potash. All sanitary pipe sewers 
shall be laid in a concrete (xadle, as shown on the plans. The joints shall 
be carefully centered and calked in the usual manner. Afti'r the joint is 
properly calked, a suitable runner shall be placed and the compound, 
heated to a temperature of approximately 4(X)° F., shall be poured from one 
side so that it shall run around the pipe and fill the annular space to a point 

I /2 in. inside the outer rim of the bell of the pipe. After the joints are run 
and the concrete cradle placcrl, that part of the joint not imlieddeil in the 
concrete shall be further protected with a cement-mortar casing extending 
at least 3 in. from the face and outside of the liell. The cement-mortar 
shall be made of 1 part cement to I part of sand.” 

Tar-cement joints were used on a section of the East Jersey Joint 
Outlet Sewer, constructed under the direction of Alexander Potter for 

II different municipalities. This section was about 17,000 ft. long and 
consisted mainly of 22 and 24-in. vitrified pipe. About half of its length 
was laid in very' wet trenches, and the liability of cement joints to 
permit infiltration of ground water in such a trench was the cause of 
the adoption of tar-cement joints. These were made by using strands 
of jute soaked in North Carolina tar as a gasket. This gasket was well 
calked into the annular space, the inside of the socket and the outside 
of the spigot of the pipe fitted together having been previously swabbed 
with tar. 
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Into a bucket full of Portland cement, North Carolina tar was poured 
and kneaded by hand with the cement until a material having the 
consistency of rather stiff dough was secured. Tliis substance was 
then rolled on a board to a sufficient length and diameter, and placed 
in the annular space between the pipe to be jointed, where it was 
thoroughly rammed by a suitable tool and hammer until the space 
was filled to within 1 /2 in. of the end of the socket. The usual beveled 
cement-mortar finish was then given the joint. In filling the annular 
space with this mixture Mr. Potter found that the weight of the material 
was often enough to cau.se tlii' tar-cenient to flow before it had set, 
causing it to drop away from the lower side of the upper portion of the 
bell. Moreover, unless the spigot of the pipe at the joint was supported 
on some solid bearing, such as a small chip or piece of vitrified clay, the 
weight of the pipe compressed the tar-cement in the bottom of the 
joint before it hardened, causing the filling material in the upper portion 
of the annular space to be drawn away from contact with the inside of 
the top of the bell, thus giving an opportunity for leakage in water¬ 
bearing ground. The tar-cement mixture when properly made becomes 
tough and hard in several hours, according to Mr, Potter, the time 
depending on the temperature and the proportion of eement incorporated 
into the mixture. 

Tar-cement joints were later used extensively along the New Jersey 
coast in towns where water and quicksand are encountered. Much of 
this work has been done under the direction of .41exander Potter, who 
states that while there will be some leakage between the successive 
batches of the mixture imserted in the annular space of a pipe joint, the 
fact that this space is filled with a material which will stay there makes 
it, under such circuinstanees, preferable to eement. The material does 
not shrink and in small pi[)e the creeping which makes it objectionable 
in the larger sizes does not prove a drawback to its use. VVlien reason¬ 
able restrictions as to water-tightness of sewers are demanded, Mr. 
Potter believes that this material can lie used with economy. It is a 
slow process to employ, and is adapted to those difficult situations where 
the laying of a few pipe constitutes a fair day’s work. 

G-K Compound.—This product is described by the producers, the 
Union Clay Products ('o., as “a homogeneous plastic mass composed 
largely of vulcanized linseed oil and a binder of anhydrous clay.” It 
is furnished' in barrels of about 400 lb.; the stays arc knocked away 
leaving the compound in a hard firm mass which is broken up with a 
hammer or hatchet when it is to lx; melted. In a sewer system con¬ 
structed under the authors' direction, where the material was employed, 

< A. EHioU Kimberly inform* the nuthora that on three seweraite ayetems with which 
he WM oonneet^i. the bid* for G-K juinU averaged 31. 29 and 34 per cent, more than 
thoat lor oement joint*. 
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it was heated by the oontractor in a galvanized iron pail about 14 in. 
deep and 15 in. in diameter. This pail was used over a coke fire in an 
ordinary lead furnace, after a brief experience with a wood fire showing 
that the latter was unsatisfactory, because the flames would rise above 
the kettle and cause the compound to take fire, and at other times the 
temperature became altogether too low. The makers of the compound 
advise heating it on a gasoline furnace as being more easily regulated 
and more quick in molting the mass. While the compound is first 
heated, it bubbles and foams considerably, but after it has been melted 
for 15 to 30 min. the foaming subsides very' largely and the compound is 
being “cooked,” ready for pouring. The cooking must be repeated 
every time the compound is reheated. When in suitable condition for 
j) 0 uring it is as fluid as water, and the surface is airparently covered with 
a thin film of oil. It must be kept stirred constantly, for otherwise 
air bubbles will be found in tin* joint. If it is overheated it carbonizes 
and bccome.s entirely unfit for use. Experience shows that just before 
pouring the material shouhl be stirred vigorously for a few minutes. 

The inside of the hell and outside of the spigot end of the pii )0 at a 
joint should be wii)ed with !i piece of cloth or jute before pouring the 
compound. Then the joint is calked with jute in order to prevent the 
melted compound from running into the pipe. This is quite important 
because as much as a handful of the compound has sometimes been 
taken from a joint, after tlu^ pouring, which indi<'ates the amount of 
leakage that may occur through the jute into the interior of the pipe. 
An asbestos gasket, resembling a piece of canvas-(a)vercd lawn hose, 
except that it is not hollow, is used in pouring the joint. It is clamped 
at the top, leaving an opening through which the compound is poured 
into the joint space. Tliis opening should be slightly off center, ac¬ 
cording to the Union Clay Products Co., so that the material as it 
flows in will drive out any water before it.' The pouring should bo done 
immediately after the joint is calked so tlxat the water will have no 
time to swell the jute. On the sewerage work done under the direction 
of the authors, already mentioned, a number of joints were poured with 
ihe water lialf-way to the crown of the pipe, without resulting in any 

> A. Elliott Kitnlwriy informrU thf authom that hf* bad nmrh trouble ip folloirins 
tbeae dirpctious in jointing standard f>-in ptpp in Z-ft lengths Hii aaaiatant 4*ngine«r, 
F. D. Stewart, reported that with the small annular spare between the bell and spigot 
of surh pipe, the ronipound hardened before It could flow entirely around the pipe, 
even though it was in a state of apparently mamimum fluidity only 16 eeronda before pour> 
ing. The temperature of the air was about 7(f F. Mr. Btewart auted that be tried 
forming the pouring hole directly over the center of the pipe, so that the melted oori'* 
pound flowed down both sides at the same time. These joinu were cot entirely nils' 
factory, owing to thrir having unfllied spaces in the Inverti of the pipe* ranging in 
width from Is to *4 m In these case# the jotnu were filled completely by pouring 
melted compound through a cardboard mold banked up with earth on the bottom and 
sides. While this method completely filled the jointing space, it wot esceodingly wosto* 
ful of moteriid. 
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imperfection in the joint which could be discovered on careful inspection. 
They do not, however, advise this practice under ordinary conditions. 
Apparently there is little difference in the behavior of the compound in 
hot and cold weather. The manufacturers state that about 0.6 lb. of 
the material is required for the joint in a G-in. pipe and the amount 
increases up to 0.9 lb. per joint for 10-in. pipe. Experience on tliis work 
indicates that these figures are very low, although it is possible, of course, 
that with greater experience the contractor would have employed less 
material to obtain equally satisfactory joints. 

The work was done with one man to attend to the heating and to 
pour half of the joints, those made on the bank, and to carry the melted 
compound to the pi|K) layer in the trench; two men to carry the jointed 
pipe with the help of a joist and lower it into the trench, and to assist 
from time to time on othiir work as they had the opportunity to do so; 
two pipe-layers to pour joints and lay pipe in the trench. In making 
joints on the bank, the i)ipe is placed with the bell end up and care¬ 
fully plumbed, the si>igot end of a second section is inserted in this 
belt, and the joint calked with jute and filled with the compound. 
In carrying on work on the bank, experience indicates that it is well to 
insist upon all piiw being carefully plumbed. Observation of the 
joints poured in this way indicates that there is some shrinkage of 
the compound im it cools, but it should be added that other engineers 
liavc reporteil that no shrinkage could be discovered. 

A teat of a (bin. sewer of standard 2-ft. pipe with G-K joints was 
carried out by A. Elliott Kimlierly, who states that although the 
hydrostatic pressure employed was only 5 lb. ixir square inch consid¬ 
erable leakage was apparent. On this line half of the joints were made 
on the bank and half in the ditch; the leakage occurred in both classes, 
Mr. Kimberly’s exix'ricnee and the information he lias gathered from 
contractors liavc led him to draw up the following general rules for using 
this material for joints: 

“1. Break up the material into comparatively small pieces before heating. 

^*2. Ifse a eovenxl kedle to minimise volatilization of the oil. 

“3. Use woikI as fuel and heat rapidly. Preferably there should be de¬ 
signed a B|ieeial furnace arranged to prevent the bare fiames from coming 
in contact with the bottom of the molting pot. 

“4. Do not attempt to draw off material from the kettle through the pipe 
unless the valve is jaeketed, that is, is inside the kettle, especially during 
cold weather. Otherwise solidification of the compound will ensue. 

“5. Do not prepare more melted compound than can be used for pouring 
one set of jdfnta, vertical and ditch joints combined, in view of the fact that 
upon prolongeil heating the material carbonizes in possibly a half hour after 
eliullition has reused. Carbonization may lie avoided, however," if fresh 
material is added as soon as all joints are poured that arc ready fur pouring. 
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"6. Do not attempt to uae again material that remaiiw in the kettle 
after a day’a work U over, 

“7. Invariably use deep and wide aocket pipe, preferably in 3-ft. lengths." 

Mr. Kimberly is strongly of the opinion that more calking material 
is required for poured joints of this ty|)c than for cement joints. There is 
a general opinion among those who have used the compound that more 
of it is required for joints tluin is indicated by the figures given by 
the makers, and the explanation of this discrepancy which Mr. Kim¬ 
berley advances is that an unnecessarily large amount of jointing 
material and a small amount of jute arc ordinarily employed now, 
although in view of his ex|)erience with leaky joints made with this 
compound it would hardly sewm advisable to make any reduction in 
the quantify of the material upon which the im[H!rmeabjlity of the 
joints depends until the subject has received further investigation. 

Another jointing compound of the same general tyjM' is Marbleoid 
composed of linseed oil, sulphur and marble dust. Still other plastic 
jointing compounds are .lointite and I’iltitc, the latter being made in 
several grades for poured joints and also in a grade which is so stiff that 
it must be molded and pressed into the joints, a property claimed to bo 
of value in making joints under water. 

Tests of Pipe after Laying.—It is not customary in the United States 
to specify any particular tt-sts for water-tightness after the sewer is laid, 
reliance being placed entirely on insiwetion during the progress of the 
work. In Mngland and (icrmany, however, it is quite customary to 
specify hydro.statie or pneumatic tests of sections of the work before 
backfilling is allowed. The Manchester specifications for sewer con¬ 
struction say: 

“The whole of the sewers and drains must he made thoroughly water¬ 
tight and stand the following hydraulic test, aptdiances for which shall be 
supplied by the contractor, both before and after the earth is filled in to 
the satisfaction of the manager. The lower end of the drain will be closed 
by a projierly fitted drain plug and the drain filled with water to a head of 
4 ft. Any leaking or defective joints must be made good by and at the 
expense of the contractor." 

Details of carrying out such tests arc as follows: A plug is inserted 
in the lower end of the section under examination and at the upper end a 
right-angle bend facing upward, and two lengths of pipe are inserted. 
The sewer is then filled with water up to the top of the temporary 
upright pipes at the upper end. The rate of lowering the water in the 
upright pipe is noted, and from this it is possible to compute the leakage 
per loot of sewer for any stated period of time. 

The amount of leakage allowed by different engineers varies greatly. 
Watson (“Sewerage Systems,” p. 233) says that “in regard to ft-in. 
sewers, a test is r^rded as satisfactory if the pipes do not leak at a rate 
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exceeding ] 100 (imp.) gallons per mile jwr 24 hours.” It may be noted 
however, that to lay sewers in such a way that the leakage would not 
exceed this amount retjuires exceedingly careful as well as expensive 
work. At Mberfeld, Germany {Eng. Rerml, Dec. 25, 1909), before 
putting the sewers into service, the ends are closed with iron plates 
fitted with rubber packing rings. Air pressure is then applied with a 
bicycle pump; if the pressure remains constant at 3.7 lb. for 19 minutes 
the pipe is passed. ’ 



CHAPTER Xin 


CONSTRUCTION OF BRICK AND BLOCK SEWERS 

Usually vitrified pipe is the most practicable material for the con¬ 
struction of sewers less than 24 in. in diameter, and sometimes of much 
larKcr sewers. Ainotif; materials which may lx? u.sed for the construction 
of large .sewers are wood, atone, brick, conen'te, reinforocsl concrete, iron 
and .steel, and blocks of vitrified clay or concrete. Local conditions have 
an important bearing on the selection of materials for the construction 
of large sewers. In some places brick may be economically used, 
because they can be purchased at low prices and an ample supply of 
mason labor is available at reasonable pric(^s, whereas their use in other 
lilaces may be i)rohil)itively exi»ensivc. Where stone may be had at 
very low prices, it may be wise to use it, although care should be taken 
to produce a smooth inner surface. In Paris many sewers have been 
built of rough quarrj’ stone, laid in mortar and rendered inside with 
cement mortar, thus producing a smooth surface. Many of the oldest 
sewers in this country were constructed of wood and were either square 
or round. Some of these, while by no means satisfactory, have served 
their pur]X).se for many years. As a temporary expedient, the use of 
wood may even now be justified under rare conditioiLS. Cast-iron and 
steel pipe of large sizes have been and are now u.sed under certain condi¬ 
tions, as for examph^ for the construction of inverted siphons and for 
sewer outlets. 

While wood, iron and steel may be used for the construction of large 
sewers, in s|wcial cases, some kind of masonry must constitute the main 
reliance of the sewer builder. It is, therefore, important to determine 
which kind is most economical, and the decision must Ijc based upon 
serviceability and durability, as well as upon cost. Where the servicea¬ 
bility and durability afforded by two or more materials are substan¬ 
tially equal, and the work is to be done by contract, it may lx? advisable 
to take bids ujxjn the use of the several materials, finally selecting that 
which proves the least expensive. Where materials are thus thrown 
into competition, it is important to place all on an o(|ual footing, that the 
comparison of prices may be fair. For example, if it is considered that 
brick is rougher than concrete, and therefore has loss carrying oaijacity, 
but is otherwise equally desirable, aliowaiicc for this difference should be 
made in the sizes. In such cases the cost of extra excavation, as well as 
of extra masoniy, must be taken into consideration. 
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Where teeta are to be applied, they should be so specified that they 
will require of one material no qualities which are not possessed by the 
others, which perhaps may not be subject to the test. Reliance should 
not be placed upon a test to exclude some material, which, for reasons 
not covered by the test, is not considered suitable for the work in hand. 
It is also important to specify with exactness the character of materials 
to be used and the quality of workmanship required in the construction 
of sewers of different materials, that the bidders may be able to e.stimate 
with accuracy the cost of building the structure, and that these costs 
may be compared with fairness to those bidding upon different materials. 

Quality of Workmanship.—When it is considered that sewers are 
built for at least a generation, and perhaps for hundreds of years, it is 
evident that consideration should be given to the character of workman¬ 
ship employed. It is idle to provide specifications for elaborate tests of 
brick, cement and reinforcing steel, and to disregard the quality of 
workmanship which may have even a greater bearing upon the life 
and usefulness of the structure than the quality of the material entering 
into its construction. 

Where it is nece-ssary to exclude ground water from the sewers, so far 
as possible, they are logically designed to provide capacity for so much 
ground water as is unavoidably admitted to them. How absurd it is, 
then, to allow them to be constructed carelessly, with poorly filled joints 
or porous concrete which will jx;rmit leakage far in excess of that 
provided for in the original calculations. As the roughness of the 
inner, surface has a bearing ui)on the carrj’ing capacity and upon the 
formation of deposits, it is important to provide smooth inner surfaces. 

As a rule it is practically as easy and it involves substantially no more 
expense to lay brickwork a?id place concrete in a workmanlike manner 
than in a careless and slovenly manner. It does, to be sure, require 
some knowledge of the art. and some skill on the part of the masons and 
the concrete foremen, but these qualifications may be reasonably 
expected of those undertaking the work. 

For the construction of concrete sewers the forms must be well made, 
water-tight, smooth and of accurate dimensions. Such forms may cost a 
few cents more per foot of sewer to be built than rough, ill-shaped and 
leaky fonns, but the difference is practically negligible. It is equally 
important ujHm concrete work that the foreman knows the proper 
consistency for t he concrete and that he sees that it is so handled that its 
components are not segregated and that it is sufficiently spaded. By 
giving attention to these points and exercising the proper care of his 
forms, it wilbbe found as easy and no more expensive to do high-grade 
than poor work. 

Pipe and Masonry Sewers, When Used. —Vitrified pipe is commonly 
used for sewers under 24 in. in diameter and may be had as large as 36 



CONSTRUCTION OP BRICK AND BLOCK SEWERS 349 


or 42 in. in diameter. Concrete pipe is more or less commonly used for 
sewers 36 to 48 in. in diameter and standard forms for pipe as large as 
84 in. are on the market. For the construction of sewers too large to be 
economically and safely built of pipe, it is necessary to employ masonry. 
By far the largest proportion of such sewers have been built of brick 
or concrete, either jdain or reinforced. The great advantage of mono¬ 
lithic concrete over moat other materials used for masonry sewers lies 
in the fact that the thickness of the barrel may l)c varied according to 
requirements for strength. Such variations may be afforded to a limited 
extent by brickwork but not economically and conveniently as by con¬ 
crete. Concrete has the further advantage that it can be readily re¬ 
inforced with steel as re(|uired to meet the conditions encountered. 

Where pipe is equally .satisfactory in other rcsiMJcts, the decision as to 
where to change from pi|)e to masonry depends upon the relative cost. 
Monolithic unreinforced concrete has be(!n used in sueoessful competi¬ 
tion with vitrified pipe of 24-in. diameter. It is not safe, however, to 
assume that either brick or concrete will be less expensive than pipe, but 
on the contrary, after acquiring a knowledge of the local conditions, 
careful comparative c.stimntea should be made, or competitive bads 
should l)e obtained, to enable the engineer to make an intelligent decision 
between the two classes of material. 

Cement i>ipe was used for many years in New England but it has been 
supplanted by vitrified clay pipe, which experience proved to be more 
durable and uniform in (juality, although somewhat more expensive. 
It has b«'n used extensively in the Borough of Brooklyn in recent years 
under rigid Hirecilicalions ami inspection; the method of manufacturing 
it in that lorougli is described in Volume I, page 3.^)2. West of the Mis- 
HLssippi a large amount of cement pipe is used in sewerage work. Much 
complaint about its (luality has arisen, but specifications for it are now 
more complete and tests to determine the character of the product are 
more frc<|ucntly made, so that an improvement in quality has doubt¬ 
less occurred. As is evident from a consideration of the method of its 
manufacture, descrilred in t'olume I, page 350, such pipe must be care¬ 
fully and intelligently made in order to be dense, hard and uniform, and 
it lacks the vitrified interior which is a leading advantageous feature of 
clay pi|)e. At present (1014) the general opinion is that vitrified pipe 
is better than cement pipe, but price considerations may render the 
latter advisable. 

BRICK SEWERS 

Quality of Sewer Brick.—Engineers have so long specified a certain 
grade of brick for use in sewer construction that the term “Sewer Brick” 
has come to be recognized by the trade as meaning hard-burned 
brick of good quality. Formerly when the kilns were made by hand and 
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the fire was built directI}' in an opening in the pile of brick, there were 
marked differences in the quality of brick from different parts of the 
kiln, those in the outer part being under-burned and consequently soft, 
of poor quality and light colored. Those directly over the fire, known 
as "arch brick,” were over-burned, often ill shaped, extremely hard 
and brittle, while those between these two extremes were of the best 
quality. With the more modern permanent kilns in u.se, the differences 
arc not so great. The best of the brick should be selected, or specified, 
for the inner ring, and upon .small work it is usually best to accept but 
one quality. They should be hard, regular in form and uniform in size. 
Upon large work it may lie [icrmisaililc to u.se some of the over-burned 
and slightly irregular brick for b.acking, if such a course will result in 
a material saving in cost. 

The sizes of brick vmry considerably in different places, and even those 
made by the same manufacturer differ somewhat according to the extent 
of burning, the hard-burned bricks being somewhat smaller than 
others. In 189!) the National Brickmakers Association established 
2-1/4 X 4 X 8-1/4 in. as live standard size for common brick, although 
this size has not been adopted universally. 

The importance of the size of the brick is not always fully realized. 
Usually there are, brick of several sizes, from which tho.se to be, used may 
be selected. The harder brick being smaller, it is necessary to balance 
the advantages of the hard-burned smaller brick with tho.se of the 
somewhat softer but larger brick. The decision should not lie based 
wholly upon size, as the durability of the sewer is a matter of great 
importance. 

A brick which is ,S in. long will gain in laying the eijuivalent of nearly 
7 per cent, over the lirick whieli is 7-1/2 in. in length. Similarly, the 
brick which is 2-1/4 in. thick will gain in laying about 12 percent, over 
those which are 2 in. thick. Therefore, a saving of approximately 20 per 
per cent, in the cost of the brick may be effected by the use of those 2-1/4 
in. thick by 8 in. long, instead of tho.se 2 in. thick by 7-1/2 in. long. In 
addition to this, there will be a saving due to less mortar and labor 
required for laying the smaller number of brick, although the labor 
probably cannot be reduced in pro)H)rtion to the reduction in the 
number of brick required. 

Another consideration, although one which is more difficult to reduce 
to conqMirative figures, is the effect of the width of the brick. Many 
sewer brick are not more than 3-1/2 in. in width, although some will 
run 4 in. or more in width. The thickness of wall of a two-ring sewer 
built of 3-1/i-in. brick will be 7-1/2 in., excluding plaster, whereas the 
corresponding tliickness of barrel built of 4-in. brick would be 8-1/2 
in., an increase of over 14 per cent. If the two brick are of identi- 
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cal quality, a more massive structure will lie secured with the use of 
the larger brick, with corresponding advantages. 

While brick masonry is often computed in terms of cubic yards, it is 
customary in designing ami comiidering different types of sewers to 
consider them as living made up of a certain numlier of rings of brick¬ 
work, rather than of the exact thickness of masonry to Ix? obtained. It is 
therefore wise, when .s|)ecifving that payments Ixi made per cubic yard, 
to sfiecify that the masonr}’ shall be assumed to be of the required 
thicknc.ss and that computations will be based upon this assumption, 
even though the brick used may provide a thickness of sewer barrel 
slightly more or le.ss than tliat stipulated. 

The usual tc.sts for <letermining the quality of brick are to determine 
the uniformity of size, texture, and absorption. 

It is us\ially s|)ecifie(l that brick from one place of manufacture 
shall not vary more than about l/Ki in. in thickness, nor more than 1/8 
in. in width and length, and that the edges shall lie uniformly straight 
and parallel. The texture should lie line and compact, and the brick 
sliouhl contain no fissures, air bubbles or pebbles, and when struck 
should give a clear ringing sound. The water absorbed by brick 
within a .stated pc'riod, u-sually 24 hours, is an indication of the density 
and the extent of burning. Soft-hurmHl brick from the outside of the 
kiln may absorb 30 to 35 jier cent, by volume of water in 24 boun, 
while the overburned iiartially vitrified arch brick may absorb only 
2 or 3 [ST cent. The limiting amount of absorption usually speci¬ 
fied is between 10 and 20 [kt rent, by volume in 24 hours, equiva¬ 
lent to about one-half these ((uantities if (xdeulated on the weight of the 
brick. The si)e( ificalions of the New York Board of Water Supply 
state that the: brick may ls‘ rejected if the alxsorption is over 16 per 
cent. Those of the City of Cincinnati six'cify not over 12 nor less 
than 2 per cent, by weight in 24 hours, for brick broken across the 
middle. Many siwcifications indicate no .stated tests, but have a 
general requirement that the brick shall lx; of fine, compact texture and 
uniform size. The Metropolitan Sewerage Commission of Massachu¬ 
setts has brick on cxliibition of a quality similar to that required when 
purchases arc made. 

Tests for Sewer Brick.—For the determination of the quality of 
brick for sewer work, such simple tests as listening to the clearness of 
the ring when the brick are struck, estimating the relative weights of 
different brick by lifting them, and oliserving the color, shape and size, 
are usually relied upon. A compact brick of uniform texture, without 
fissures and air bubbles, will give a clear, ringing sound when struck. 
Pale color in brick from localities where the clay bums red, which is 
generally the case, signifies underburaing. On the other hand, very 
dark colored brick arc often ovorbumed and partly vitrified. Brick 
23 
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ohrink on burning, the hard dciue brick being somewhat smaller than 
underburned brick from the same mold. 

Specifications relating to uniformity of size and shape have already 
been mentioned. There is, however, one laboratory test sometimes 
required, namely, the determination of the percentage of absorption 
of water by the brick within a specified time. The results of such a test 
may be reported as a percentage by weights or by volumes. In the 
latter case the percentage is an indication of the porosity and may, 
depending on the specific gravity of the brick, be two or more times as 
much as the absorption by weight. Thi.s test is an indication of the 
efficiency of the burning of the brick, for soft underburned brick are 
porous and absorb a large amount of water, while hard burned vitrified 
brick will absorb little. 

At Worcester, Mass., the absorption test is made as follows; The 
brick are first dried by placing them in an oven at 100° to 125° F. for 
a sufficient time to dry them completely. A test of the thoroughness 
of the drying may be made by weighing the brick and replacing them 
in the oven for an hour, after which they nuiy be reweighed to determine 
if there is any further loss. After complete drying, the brink are 
weighed and placed in a small brass tank filled rvith water and pro¬ 
vided with a gage glass which has a scale fixed at one side. The 
reading on the scale is taken and after 24 hours another reading of the 
scale is taken to show the volume of water absorbed. The brick are 
taken from the tank, the water on the outside rcmov(“d with blotting 
paper, and the brick reweighed as a check on the direct volume 
determination. 

Handling Brick.—A gang of five men will unload through a chute to 
wagons, a car of 12M brick in about 4 hours. When the brick are 
delivered on the job, they should be immediately culled by the con¬ 
tractor and rejected brick removed from the vicinity of the work, so as to 
prevent their accidental incorporation therein. It is sometimes allowable 
to use a certain number of bats or Italf brick in manholes; it is said that 
some engineers have required that brick for manholes be broken in two 
before laying, in order that the inner and outer surfaces of the masonry 
may conform more accurately to the true circular form. This practice 
is not considered good by some engineers, including the authors. Unless 
immediately required in the work, brick delivered upon streets subject to 
traffic, should be neatly piled in suitable locations that they may not 
obstruct traffic and at the same time may l>e within a reasonable distance 
from the work. 

The methra of passing the brick into the trench depends entirely 
upon local conditions, size of the work, depth of trench and congestion 
of working quarters. Brick are often lowered into the trench by hand, 
the load being made up of two parallel rows of brick 18 to 30 in. high., 
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enclosed by the chain of a chain rope of suitable length. Such a rope is 
convenient for many uses about the trench. It is usually a 3/4-in. 
Manila rope provided with a hook at one end and a 1/4-in. twisted 
chain 7 ft. long at the other. In some cases, on largo work where a 
derrick is available, the use of a skip may be desirable. The brick for 
a large Chicago sewer were wheeled to the side of the trench in wheel¬ 
barrows and delivered by tossing them, usually in pairs, from man to man 
located on a scaffolding. 

Before placing brick in the W'ork they should be thoroughly wetted, 
otherwise they will absorb water from the mortar before it has time to 
set. A sufficient numtier of tenders should Ixs provided so that the 
masons may not be kept waiting, and the brick and mortar should 
alwaj's be so placed that the masons can conveniently reach them, as the 
less lalmr required of the mason the more brick he should lay. 

Mortar.—Mortar for brick sewers is usually mixed by hand in mortar 
boxes placed on the aide of the trench close to the work and is lowered to 
the masons in galvanized iron buckets, from a platform placed over the 
Lix'neh. 

Many speeification.s contain the provision that sand shall be clean, 
sharp and coarse. The idea that sand for concrete should be sharp, 
that i.s, Imve angular grains, appears to have Irecn due to several con¬ 
siderations, among which the following may l)c mentioned: Certain 
experiments have indicated that mortar formed with crushed stone 
screenings wa.s fltrong<‘r than when formed with natural sand. Also 
sand wfiich contain.^ considerable clay or organic matter or is extremely 
fine, all undesiraiile qualities, feels smooth as compared with a clean, 
coars<‘ sand. Further there is less inclination when mortar is mixed 
very wet, for sand of sharp angular, and well-graded grains to sink to 
the bottom of the mass than is the case with smooth rounded grains of 
more or le.ss uniform size. There is also some evidence tlmtas originally 
used the word "sharpness” did not refer to the angularity of the grains 
but to th(' distinctively “sharp” sound given off when clean sand grains 
of quartz are rubls'd together. As a matter of fact a given volume of 
sand with rounded grains contains less voids than the same volume of 
angular grains of similar ctiaracter. .Screenings, nevertheless, are often 
so graded as to form a more dense and consetiuently stronger mortar 
than some natural sands. In any case, whatever virtue sharp sand may 
have, meaning sand with angular grains, is completely olMCured by the 
matter of voids and density, the proper sand to use treing composed of 
such graded material, whether .sharp or otherwise, as to give a mortar of 
greatest density. The requirement as to cleanness and freedom from 
loam and clay is imfrortant. Furthennore, it has come to be recognized 
as desirable to test the mortar made of the sand and cement it is pro- 
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posted to use, as it is sometimes found that mortar made by mixing a|>- 
jjarently good sand and cement lacks strcngtJi or soundness. 

Brick Laying.—I’lie l)rick siiould be laid by slioviiig or forcing them 
into a full bed of mortar, forming full joints on all sides, at one operation. 
In the United Htates brick are generally laid on the long and narrow 
side, with continuous longitudinal joints parallel to the axis of the 
sewer. This ty[)e of construction is known as the ‘‘rowdock” bond, the 
only bond between the inner and outer rings ]>eing that due to the ad¬ 
hesion of the cement in the joints. An int(‘resting oxeeption to the 
ordinary nudhod of building senver andies is that adopted at Cleveland 
in the construction of the Walworth Hun Sewer (Volume 1, p. 428), 
which has been de.scribed as follows: 

“For greater sln'ngtli, the l)riek C(>rnp<ising tlio arch were arranged in 
alternate luvidcrs jukI stretidiers in Fleniish bond, and, in order to avoid 
excessively thick mortar joints, as would be the cu.se were the joints to con¬ 
tinue radially from intriulos to exlnnlos, tlie masonry was broken up in 
cylindrical rings. 'Flu* entire arch was also cut into a certain number 

of Begim’iiis separated by radial planes. ']'!i<‘ brn-k com|>oHing each segment 
included between these ra<hal |>l»nes wen' laid up in rings, t he inner and outer 
faces of which are parallel with the inner surface of the completed sewer. 
The radial distances between tlu'se paralli'I (wlimlrical surfaces are either 9, 
13 or 17 in. The mimlierof courses required to biiihl one of these cylindrical 
rings for any particular segment is one more than tlie number c«iutaiiied in 
the next inner ring, and oih' less than the number contained in the next 
outer ring. Hy this means mortar joints of ordinary thickness are obtained 
in all portions of the arch, evc'n to tlie extrados. The cylindrical surfaces 
separating the inner and outer rings of th(‘ segnn'iits are plastered smooth 
with Portland cement. 'Fhe radial thickiu'ss of each cvlmdrical ring com¬ 
posing the superimposed .segments of masonry is adju.sted so a.s to break 
joint in ailjoming seginenls liy at least 4 in. Tims the completed arch 
consists of brick in Flemish ma.sonry inti'rlocked ami bonded together by 
bmken joints. 

“Apparently, this requirement would increase the cost of the masonry of 
the arcli, but it was found by experience that as soon as the masons became 
familiar with the nu'tluKl of construction they plami in the wall nearly as 
many brick jw'r day as in a straight wall laid in Knglisli bond.” (Walter 
Camp Parmley, Trans. Am. 8or. C. E., vol. Iv, p. 358.) 

The longitudinal face joints sliould be made as narrow as practicable 
and usually will Ik* from 1/4 to 3,'8 in. in thickness. The joints between 
the rings should also Iw made thin, not exceeding 1/2 in. unless it is 
desired to j^ut in a wide joint for the siMicial purpose of preventing 
infiltration. The exterior of the arch is often covered with a plaster of 
cement mortar 1 '2 in. in thickne.s8. Centens used for the temporary 
support of the brickwork are often draw n as soon as the last of the key 
haa been laid and the plastering completed. After the centers have been 
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removed the interior surface of the sewer should be cleaned and pointed 
as smooth as possible. In some <!asc.s one or two coats of cement wash 
have been applied to the inner surface for the purpose of reducing 
roughne.ss. 

Where the trench is com(iosed of suitable material, the bottom is 
trimmed to conform to the desired outsi<le surface of the invert masonry, 
and each brick laid directly on a bed of mortar pluce<l on the bottom. 
Templates, commonly called “prolih-s” inthepast(!rnpnrtof the country, 
built and .set as descriled in Chapter XV, “Forms and Centers,” are 
placed in position and a mason's line tightly drawn Ixdween them. 
Brick are then laid in a single rowinthe ceiiterof I he bottom of the invert 
for the full length of the section, about 12 ft. The several rows of brick 
are then laid on either .side, care being taken to lay each brick accurately 
to line at the time it is slid into (ilaee. A skillful mason will rarely touch 
the brick after the joint is made, and hammering a portion of the wall 
to bring it to line should be discouraged, as the adhesion of mortar to 
brick may tx' destroveil m this way. (tare should Ix' taken to six: that 
the outside ring of brick is widl supported by the bank. It frequently 
happens that the trench cannot be excavated exactly to the line of the 
propixsed brickwork, in which case masons will often fill the space be¬ 
tween the brickwork and the bank with loose material insulTiciently 
rammed. In fact it is very dillicult to ram the material filling this space 
without injuring the green masonry. It seenus probable that many of 
the cracks which liavc boon found in brick .sowers nmy Ix: attributed 
to loose and improper filling between masonry and the solid bank of the 
trench, (’are should be taken ill laying the arch rings to see that all 
joints are properly filled and not unnecessarily thick. The key should 
be laid by an ex|X'rienced ma.soii who realizes the importance of tight 
joints and a well-fitting key proix'rly forred into place, that there 
may be no injury to nor failure of the arch when the centers arc struck. 

After the first few courses in the invert arc laid, it is wise to provide 
a few loose boards or planks upon which the nuisons and tenders may 
walk, thus protecting the green brickwork from injury, due to move¬ 
ment of the brick resulting in a lack of adhesion of mortar to the sur¬ 
face of the brick. Upon large sowers the invert may become so high 
that it will be necessary to provide a working platform for masons and 
tenders. In building such platforms care should be taken to protect 
the green masonry from injury. 

In trenches in wet or loose material when the soil will not maintain 
any given shape, the brickwork may be laid in a cradle. Such a cradle 
may be constructed of ribs cut to the sha[)c of the outside of the invert, 
making, an allowance for the thickness of the planks which arc to form 
the cradle proper. These ribs arc set in the bottom of the trench at the 
proper elevation and 2-in. planks are nailed to them,earth being oatefidly 
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tamped liehind each one as it is put in place. After the cradle is con¬ 
structed, the process of layiiif? tlic brick is similar to that mentioned 
above. Where the trench is in unstable material the sewer may be 
constructed upon a concrete foundation laid directly upon the soil or 
upon a wooden platform, tins part of the sewer being constructed ahead 
of the brickwork. In other cases, where the soil has little bearing 
power, it may be necessary to construct the sewer on a pile platform 
as illustrated in Volume I. 

The number of brick which a ma.son can lay in a given time depends 
to a considerable extent on the size of the .sewer. This is because more 
time is required to lay the brick in the face or inner ring of the invert, 
where the brick should be laid accurately to line and the joints made 
as narrow as possible, than is needed for laying the brick in the other 
rings, which are relatively rough work. There is a similar although 
much less marked difference in the time required for laying the inner 
ring and the other rings of the arch. .48 the brick forming the arch are 
laid upon the centers, less time is required than where the brick are laid 
to line, as in the invert. Where the sewer is small, the working space 
is sometimes so restricted that the mason is unable to work to the best 
advantage. Upon such sewers the proportion of face work is much 
greater than upon large .sewers. Some very small sewers have been 
built of a single ring of brickwork, in which 100 imr cent, of the masonry 
is face work, As the size increa,se.s, so that two rings an; required, 
the proportion of face work is reduced .50 per cent,, with a decrease in 
the care recpiired and difficulty involved in laying the brick. 

In an inv(wtigntion for the Boston Finance Commussion (Report 
Boston Finance U()mmi.ssion, vol. iii, 1909), it was found that on the 
contract work of the Massachusetts Metropolitan Sewerage Commis¬ 
sion, the number of brick laid per hour per mason varied from 384 on a 
sewer 13 ft. 0 in. by 11 ft. 3 in. to 165 per hour on a 36-in. circular 
section. There is, however, a great chance for loss of time in this class 
of work, unless it is well systematized. F'or instance, in the investiga¬ 
tion mentioned, it was found that on certain large sewers built by day 
labor in the city of Boston, the number of brick laid per mason per hour 
averaged only about seventy. This appears to have been due largely to 
inability to keep the masons properly employed. It is extremely im¬ 
portant that the construction be so conducted as to provide ample work 
at all times for the masons, otherwise the cost of the masomy will be 
greatly increased. 

The nulhber of brick per cubic foot of masonry and the amount of 
mortar, etc., required for circular and egg-shaped sewers are given in 
Fig. 116 (by Goo. S. Pierson, Eng. Newt, May 17, 1900) and Table 58. 
The amounts of cement and sand required per cubic yard of plastic 
mortar are given in Table 59 from “Concrete, Plain and Reinforced,” 
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Taylor and ThompHou. This table ia baaed on average reaulta of a 
large number of actual experimenta, but at beet can be coneidered only 
approximate, as so much depends on the quality of cement, character of 
the sand and the amount of water used. 



Flo. 116.—Quantities for egg-shaped sewers. 


A considerable force is necessary for handling the materials for the 
masons. On a sewer at Denver, Colo. (Gillette's "Cost Data," p. 42), 
6 to 8 ft. in diameter, 18 brick layers were employed in three gangs, the 
total force amounting to 80 men equivalent to about 3-1/2 teiiden 
per mason. Parts of this sewer were composed of three rin^ brick- 
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work. In portions of the work where wet trench was encountered, 
the foundation and rough work of the invert were of concrete and stone 
masonry. The rough invert was lined with a single ring of brick and 
the arch was composed of three rings of brick. 

Table .58.—Number of Brick per Foot of Sewer 

Size of brick, 2 X 3-1/2 X 7-1/2 in.; Fnee joints, 3/8 in.; Ring joints 
and plaster, 1/2 in. 


(Gonrjc*' H Pierumi) 


Diameter 


('irrular 
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Kgg- 
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to vertical diameter) 



1 ring 1 

2 ringM 1 

3 rings 

I ring 

2 nugs 

3 rings 

2 ft. 

0 in. 

4K 

3H 


' 



40 

70 





2 ft. 

3 in. 

54 

43 


' 



45 

79 





2 ft. 

6 in 

00 

47 





50 

88 





2 ft. 

9 in. 

06 

.52 





55 

97 





3 ft. 

0 in. 

72 

57 

161 

24 



61 

Of) 

138 

23 



3 ft. 

3 in. 

7S 

61 i 

173 

34 



66 

15 

148 

41 



3 ft. 

6 in. 

K4 

66 

1S5 

43 



71 

24 

1.58 

.58 



3 ft. 

9 in. 

90 

70 

197 

,52 



76 

33 

168 

76 



4 ft. 

Oin. 

96 

75 

209 

61 



81 

41 

178 

93 



4 ft. 

3 in. 



221 

70 





189 

11 



4 ft. 

0 in. 



233 

80 





199 

29 



4 ft. 

9 in. 



245 

89 





209 

46 



Sft. 

0 in. 



257 

99 

411 

19 



219 

64 

353 

65 

6 ft. 

3 in. 



270 

08 

429 

33 



229 

81 

368 

91 

6 ft. 

6 in. 



2H2 

18 

447 

47 



239 

99 

00 

18 

5 ft. 

9 in. 



294 

27 

465 

61 



250 

17 

399 

44 

0 ft. 

0 in 



3(m 

37 

483 

75 



260 

34 

414 

70 

6 ft. 

3 in 



318 

40 

501 

89 



270 

,52 

429 

96 

0 ft. 

6 in. 



330 

56 

.520 

03 



280 

69 

445 

23 

0 ft. 

0 m. 



342 

65 

538 

17 



290 

87 

460 

49 

7 ft. 

Oin. 



3.54 

75 

5,56 

31 



301 

05 

475 

75 

7 ft. 

3 in. 



366 

84 

674 

46 



311 

22 

491 

02 

7 ft. 

6 m. 



378 

94 

592 

60 



321 

40 

506 

28 

7 ft. 

9 in 



391 

03 

610 

74 



331 

57 

521 

.54 

Sft. 

0 in. 



403 

13 

628 

88 



.341 

75 

536 

81 

8 ft. 

3 in. 



415 

22 

647 

02 



351 

93 

552 

07 

Sft. 

0 in. 



427 

.32 

665 

16 



362 

10 

567 

33 

Sft. 

9 in. 



439 

41 

683 

30 



372 

28 

582 

59 

Oft. 

0 in. 



451 

51 

701 

45 



382 

45 

597 

86 


> Proportions AX KhowQ on Fig. HO. 

The numlicr of men per mason depends, of course, largely on the 
working conditions. If they arc such that material can be delivered 
close to the trench, at the points required, the number of men may be 
reduced considerably. The size and character of the brickwork also 
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Table 59.— Volume of Plastic Mortar and Quantities of Materials 
PER Cubic Yard 

(Reprinted by perrm™„„ ■•Conerete, Plein .nd Reintoreed," weond edition, 

_ _ Taylor & Thompcon) 

I Cubic feet of roinparted plulic j 

R'lAriee ‘__ I Mnterlel. tor 1 eu yd eompnel 

proportiuDH j From 1 cu ft From I bbJ j mortar ba«Hi on barr«i<br 

by [ cement__ cemriit < 

iumt lilt Fortlttuii Bawd on barrel I 

cement weighiiiK eontHiniii* 3.Kcu. 4 cu ft 



1 1 1.48 1.42 l.;i8 ,5 2 ,5 4 5.5 5.22 0.08 5.01 0.7T 4,88 0,72 

1 Ij 1.84 1.78 1.74 0 4 0.7 7.0 4.20 0.81 4.00 0.84 3,87 086 

! I ' I i i ! ■ 

1 2 2 20 2.14 2.11 7 7 8.1 8.4 3.51 0.91 3..32 0.93; 3.21 0.95 

1 2} 2.50 2,50 2 4 7 9 0 9..5 9.9 3.01 0.98 2,84 1.00 2.74'1.01 

1 3 2 92 2 80 2,83 10 2 10 9 11.3 2.64 1.03 2.48 1,05 2.39 1.00 

1 3i 3.28 3.23 3.19 11.5 12.2 12.8 2.,3.5 1.00 2.20 1.08 2.12 1.10 

1 4 , 3.04 3.59 3,5.5 12.8 13 0 14.2 2.12 1.10 1.98 l.lli 1.90^ 1,13 

1 4) 14 01 3 95 3.91 14,0 15.0 15.6 1.92 1.12 1,80 1.14 1 72 1 15 

1 5 I 4 37 4 31 4.28 1.5.3 10.4 17 1 1.77 MS 1.65 1,16 1..58 M7 

1 55 4.73 4.07 4.64 10.0 17.7 18.5 l.fti 1,10 1.52 1.18 1,46 1.19 

1 6 j ,5.09 5.03 5.00 17.8 19,1 20.0 1..52 1.18 1,41' 1.19 1.3S; 1.20 

1 65 , 5.45 5.39 .5.30 19.1 20.5 21.4 1.41 1.19 1.32| 1.21 1.26! 1.21 

1 7 I 5.81 5 70 .5.72 20.3 21.9 22.9 1.33 1.21 1.23 1.21 1.18 1.22 

1 75 ,6.18 0 13 0.08 21.0 23.2 24.3 1 25 1.21 1.10 1,22 Ml! 1.23 

1 8 0.54 0 48 0 44 22.9 24.0 25.8 M 8 1 22 1 10 1.24 1.05 1.24 

' Cement ae packt^ by manufacturer, aaud looae 
•U#e thete oolumtia ordinarily. 

Vo/f.—Variatioiui in the fineness ot the sand and the cement, and in the 
oonsisteney of the mortar may affect the values by 10 per cent, in either 
direction. 

have a considerable influence. On small sewers, where the brick masons 
cannot work as rapidly or to as great advantage as on large work, the 
number of men required to keep them busy is smaller than in other cases. 
Even on small sewers, however, a force of from 2 to 3 men per mason, 
is required. At Cleveland (Eng. Rec., April 8, 1905), on a sewer 12 
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to 13-1/2 ft. in diameter, 2 masons and 6 laborers were employed in 
laying a double-ring brick lining on the bottom. 

Kate of Progress.—The rate of progress in the construction of brick 
sewers generally depends more largely upon the practicable rate of 
progress of excavation than upon that of constructing the masonry. 
iJUTegarding the progress of excavation, however, the rate of progress 
of masiinry construction i.s limited in small sewers by the working space, 
and in laige sewers by the economic problem of handling large quan¬ 
tities of mai>-rials, Urgcly by hand within a limited space. Kor instance, 
on a 7-ft. sewer at (lary, Ind., about fiO ft. wore built daily. This in¬ 
volved the employment of about Td men for handling upward of 100 tons 
of material within a limited apace. Tor smaller sewers, say 3 to 4 ft. in 
diameter, 3 masons are aboui that can work to advantage on one 
section. A 4-fl. circular sewer built .•'f two rings of brickwork, the 
brick being each 2 X 3-1/2 X 7-1/2 in., requires 209.61 brick per foot 
(see Table 5H). If each of the masons lays on the average 2500 brick 
per day, 3 can build about 36 ft. of sewer per day. 

Cost of Brick Sewers.—The cost of brick sewers depends on a number 
of local factors sunounding the work, such as accessibility and re¬ 
stricted working space as well as upon the length of day, prices of labor 
and materials and efficiency of the force. Given certain assumed figures 
the cost of brickwork may be estimated as follows: 

Assuming that each mason will lay 2.500 brick per day of 8 hours, 
that 3 laborers will be required per mason for mixing mortar, handling 
brick, and moving centers; that there arc .500 brick per cubic yard of 
masonry; that the amount of 1:2 mortar required is 0.3 cu. yd. per cubic 
yard of masonry requiring appro.ximately 1 bbl. of cement and 0.28 
cu. yd. of .sand; and that the day's work of 1 mason will amount to 5 
cu. yd., the cost of this 5 cu. yd. will be as follows: 


1 mason at $6.{X) . 

$6 (K) 

3 lahorers at S2.(X). 

6 00 

250() brick at $0.0() per M 

22 50 

5 bbl. wment at 11.80. ... 

9 00 

1.4 cii. yd. sand at SI. 00 

1 40 

Centers at ?0.05 per cu. yd .. 

0 25 


$45 15 

SupervisHin, lumber and Uxils, 15 per cent. . 

6 77 


$51.02 


This is nlx)Ut $10.40 ix'r cubic yard, or $20.80 per 1000 brick laid. 
If such work was done by contract, add 15 to 20 per cent, profit, making 
about $12 per cubic yard, equivalent to $24 per 1000 brick laid. The 
cos*, of brickwork in sewers is in general between $10 and $14 per cubic 
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yard (equivalent to 120 to S28 ]>er 1000 brick), and ie greater in eniall 
than in large sewers. 

VITRIFIED BLOCK SEWERS 


relatively short 
iHiant to Ih! the 


A vitrified sewer block was put on the market in 1011 by the Ameij.- 
can Sewer Pif)e Co. for use in the construction of sewers from 30 'frlffe 
in. in diameter. Fig. 117 shows such a sewer under constructifs^! The 
advantages claimed for it are that the material is salt vitrified 

clay, and therefore the sewer will have a hard^jan^tTaH inVlnor surface; 
the blocks arc large, thus limiting the'ntIfiiTJer of tra^ j..'/r8c and longi¬ 
tudinal joints; the blocks are quickly and casjjiyqnid and backfilling 
can follow immediately after the complctiojp'AUthc barrel of the sewer, 
thus making it possible to juoscicjjifli^fwor/ with a relatively short 
open trench. One of the objiroons to the llocks apiasars to Im the 
difficulty of making water-tight 
end joints. If the blocks are so 
laid as to allow' the bottom 
oijcnings to starve as subdrains, 
which is claimed as one of the 
advantages of this type of con¬ 
struction, it is difficult to make 
a water-tight end joint, and un¬ 
less special care is taken thcM! 
joints will not be water-tight. 

I. 08 S difficulty attends the mak¬ 
ing of the longitudinal joints 
water-tight, l)ecausc of the length 
of surfime which is in contact 
with the mortar, and because of 

the dovetailed offset. The sides Flo. I17.-V>trified block sewer, 
of the blocks are scratched, or 
corrugated, to assist in forming a tight joint. 

The blocks are made in three types, A for 8cwerg84 to 108 in. in diame¬ 
ter inclusive, B for sewers 48 to 78 in. and C for sewers 24 to 45 in. 
They are shown in Fig. 118 and in Table 80 the dimensions of types B 
and C are given. The end overhang of the outer part of the block over 
the inner part is 1-1 /2in.inall8iiC8. The price of the blocks in 1913 was 
$9 per ton net at the factory at Akron. Branch blocks are made to 
facilitate the connection of lateral and house sewers. 

The blocks are laid to line and grade in the invert with the aid of 
templates like those used in building brick sewers. The arch blocks 
can be laid on centers like brick, but the American Sewer Pipe Co. 


Flo. 117.—Vitrified block sewer. 


leases & special center for this purpose. The planks forming the lagging 
are moved in and out by an eccentric motion when a handle is turned, 
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the continuoiw longitudinal joints coming on the planks. Centers are 
supplied for each size of sewer. The transverse joints arc broken. 


Table 00.—Dimensions op Vitrified Segment Sewer Block 

(American Sewer Pipe Co ) 



I.«Dgth 

Weight 
of block 

niorks 


IhmeQHions in 

inches 

Fig 133 


•ewer. 

inchea 


per foot, 
pOUIldB 

number 

A 

B 

c 

1- 

E 


G 

H 

24 

2a, 


H 

Oi*. 

4 

jV 

H 

H 

H 


T 

27 

24 

•r 

.0 

•9A 

4 

a 

H 

ii 

H 

A 

1 

30' 

24 


10 

9A 

4! 

a 

a 

H 

H 

A 

ii 

3fi 

24 

2:V'' 

. 1‘^ 

9A 

4} 

ii 

H 

H 

}i 

9 

il 

39 

24 

27 


9A 

51 

a 

n 

1 

3 


3 

42 

24 

27 

■ 14 

^1* 

51 

a 

H 

1 

3 


3 

48 

24 1 

36 

i r 14 

lOi 

6 

13 

M 

3 

3 

11 

j 

64 

24 ; 

37 

' 16 

10 A 

6 

13 

a 

fi 

1 

H 

1 

00 

24 

47 

16 

10,’, 

71 

a 

H 

1 

1 

H 

3 

1 

72 

24 

4Gj 

20 

lOH 

7A 

1 

H 

lA 

1 



aewor lequircB 11 blocka 


ATofc.—Tlie dimensions in this tulile are only approximate, as some of 
them wore 8cnle<i from hlue prints and all are subject to variation as the 
dies of the block machines become worn. 



Fio. 118.—Types, of vitrified blocks for sewers 


CONCRETE BLOCK SEWERS 

Cast concrete blocks have been used to some extent in the construc¬ 
tion of sewfts. This method of construction has been dev^oped largely 
efforts of Walter C, Parmley, who bolds certain patents 
portions of his process of manufacture. Mr. Parmley states 
iu8 system of construction consists principally in placing the tnui»* 













Fio. 122.—Mi.Ker witli charger (Koehring). 
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verse reinforcement so as to foUov the regions of tension throughout 
the arch or ring, together with various other transverse and longitudinal 
bars so combined as to give effective reinforcement for both primary 
and secondary streffles. These various arrangements of bars are also 
combined with specially molded concrete blocks so as to make a struc¬ 
ture, built up in place, of unit pieces or interlocking sections and emb^- 
ding an effective steel reinforcement skeleton. The segmentaj biock 
construction has been used for circular sewers from 18 to IbO in. in 
diameter and for egg-shaped sewers up to 56 X 84 in. in siv.. 

Mr. Parmlcy claims the following advants>^U5 from fie use of his 
system: 1. The most efficient piacing of steel in wUsii the tensional 
regions of the intrarlos are anchored against thaiSof the extradoe of 
the arch. 2. Efficient reinforcement witl^ ill) limum quantity of steel. 
3. In construction with segmenteWilBIlSs themighest quality of manu¬ 
factured concrete, with resdimig irapen-ijusness. 4. ITacticability 
of laying segments in water and allowing water to pass at once over 
inverts constructed of them. 5. Practicability of backfilling trenches 
immediately after completion of segmental block sewers. 6. Blocks 
can be laid without centering, or with only skeleton templates for sup¬ 
port, the same to he immediately removed after the key block has been 
placed. 7. Segmental blocks can be easily placerl in tunnels. Another 
advantage of block con.stnietion is the rapidity with which the sewer can 
be laid. There is no delay due to the difficulties in placing concrete or 
to the time required for the setting of concrete before the load can be 
applied or the forms removed. 

The number of blocks rc(]uired for a complete ring of sewer 12 in. in 
length varies with the size, from four to fourteen. The thickness of 
blocks, quantity of concrete, the quantity and size of steel, and the weight 
of each ring per linear foot, for the several sizes, are given in Table 61. 
The heaviest block used weighs 180 lb. and is required for the construc¬ 
tion of a sewer 48 in. in diameter. The usual weighit of block varies 
from 100 to 125 lb. The invert blocks are laid end to end without any 
special rabbet or other provision for jointing. After the blocks are hud, 
grout is poured into the joints until they are completely filled. 

The concrete blocks arc cast in cast-iron molds. The concrete may be 
made eitlier wet or dry, according to the wishes of the engineer; it is 
more common at the present time to use a wet mixture containing all the 
water the concrete will hold without quaking. Fig. 119 shows a con¬ 
crete block sewer under construction, the invert blocks alone being 
laid in the foreground, the side blocks are placed in the nuddle distanoe, 
and in riie background the arch is in place on a special type of center 
used wiUi these blocks. This form of construction is used for lining 
tunnels and building manholes, and can be employed where the upp« 
part of the trench must be kept so narrow that at the bottom the banks 
must be undercut in order to place the side blocks in position. 

















CONSTRUCTION Of BRICK AND BLOCK SEWSRS 3«6 


It is claimed that little labor is required for handiiog aad piaeing the 
blocks. Upon the construction of a 72-in. sewer, in tunnel, in Toledo, 
Ohio, the masonr)' gang consisted of only three men, a mason, a helper 
and a man to bring the blocks and mortar from the foot of the shaft to 
the heading. From 20 to 2S lin. ft. of sewer were constructed by this 
gang in an 8-hourshift. The proprietor of this process will act cither ss 
manufacturer of the blocks delii ering them to the contractor, or as 
patentee, conveying to the contractor the right to make the blocks for 
the work in hand. 

CONSTRUCTION OF MANHOLES 

Where 8-in work is used, the brick may Iw laid as headers with the 
long sides forming radial joints, or in common bund with wveral courses 
forming double rows of stretcher’' to lie followed by a course of headers 
laid ndth the tong sides making radial joints. In mnnholcs requiring 12 
in. of brickwork, the bond is complicated by the fact that if the joints 
are made radial the outer portion will become very wide. This may bo 
obviated by laying the outer rings with ordinary 3/'8-or 1/2-in. joints 
and introducing stretcher.s or headers, as the ease may lie, when the 
opportuidty offers, filling in the gaiis with broken or lialf brick. 

A good mason can lay the brick by eye so as to conform with accuracy 
to the prescribed lino. On small sewers the pipe aro usually left out 
where manholes arc to be built. A foundation of concrete or brick is 
first laid up to the invert of the sewer, which is then formed cither with 
brick, concrete or a .split tile of the same diameter as the sewer. The 
shapes of the flooi.s differ somewhat, and illustrations of a number will 
be found in t'olurne 1 under Manholes. 

Oreat care should be taken in the construction of manholes to have 
all joints in the brickwork well filled with mortar. A fruitful source 
of leakage is the joints around the pipes entering the manhole. These 
should lie filled and where possible the hub of the piixi should be laid 
in the masonry, forming a cut-off. 

By the use of Table 62 the (piantity of brickwork in a 3 X 4-ft. 
oval or 4-ft. circular manhole can Is; readily calculated. The cost of 
brick manholes may lie analyzeil in the same way as the cost of brick 
sewers. Many masons cannot lay as many brick in manholes as in large 
sewers, although an exix’ricnccd rapid mason may accomplish nearly 
as much. There is no exixmae for providing and handling forms. 

A manhole, having a depth of 10 ft. with a dome of 3 ft., would, 
according to Table 62, require about 2.26 -f 0.83 -i- 0.3.5 •= 3.44 cu. yd. 
of masonry. This will cost, at $10.40 per cu. yd., $35.80; the cover 
will cost $8., and 8 steps at 20 cents will be $1.60, making a total of 
$45.40.. Brick manholes without covers will cost from $3.50 to $4 per 
foot to depths of 12 ft., and from $4 to $6 per foot for greater depths. 
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CONSTRUCTION OF CONCRETE SEWERS 

Until about ISKX), large sowers were gencrall.v coiistrueted of brick, 
although concrete was used to a limited extent, particularly in Washing¬ 
ton, I), C. Since IIKX), the use of brick masonry has gradually given way 
to tliat of concrete, until at the present time sewers are commonly built 
of concrete, although it i.s by no means the only material used. At 
first concrete and brick masonry were frequently combined; the concrete 
was used for the foundation of brick sewers or for reinforcing or 
backing up brick arches; inverts were built of concrete and the arches 
of brick, or inverts of brick and arches of concrete; or the structure in 
part or in whole wa.s built of concrete and lined with brick. Recently 
extensive systems of large sewers have liceu built almost exclusively of 
concrete. 

In a broad way the eau.ses for this change arc similar to those which 
have oixirated to increa.se the use of concrete for all construction work, 
(ireatcr production lias le.ssened the cost of Portland cement, while the 
rising cost of and difficulties with mason and other labor have also 
temled to increase the use of concrete. With this incrciuted use, improved 
imachmery and appliances for mixing and placing the concrete liavc been 
provided, which have pnivcil a factor of considerable imi>ortance in 
building large sewers. Concrete possesses some advantages over brick¬ 
work under most conditions, and other advantages under special con¬ 
ditions. Likewi.se brickwork possesses certain advantages over concrete 
under many conditions and certain advantages under special conditions. 

Some of the advantages pos.se.sscd by concrete may lie briefly discussed. 
With good workmanship it is generally possible to secure a smoother 
inner surface than with brickwork, although where the latter is used 
much can lie accomplished in tliis direction by carefully pointing the 
joints and wasliing the inner surface with one or two coats of Portland 
cement grout. Some engineers feel that the increased oarrj'ing capacity 
of a well-built concrete sewer, due to smoothness, is enough greater than 
that of a brick sewer to warrant a alight reduction in siic, thus tending 
to reduce the cost by the use of concrete. 

Under many conditions a concrete sewer can he built at less cost per 
cubic yard of masonry than a brick sewer. Perhaps one of the most 
important advantages of concrete over brickwork is due to the fact that 
its thicknc.<is can be varied gradually so as to provide the necessary 
367 
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thickness of wall at all points, and prevent unnecessary thickness at 
any, thus greatly reducing the ([uantity of masonry required for the 
structure. That concrete can ho readily reinforced with steel fabric or 
bars is also an important advantage. The fact that machinery and 
appliances can be had for mixing and placing concrete makes its use 
particularly advantageous upon large .sewers, and the fact that little 
skilled labor is required makes its use advantageous upon both large 
and small sewers. 

While concrete has not been used upon sewer construction for a 
sufficiently long time to warrant final conclusions as to its durability, 
the evidence at luind indicates that the life of well-made concrete will be 
equal to that of ordinary brickwork. 

It has lieen maintained by some engineers that it is easier to construct 
a practically impervious sew(,‘r of brick than of concrete, because of the 
opiiortimities of breaking joints and of well filling the joints between the 
rings of brick. This opinion is not heard so frequently now that the 
use of concrete has become more general, and it is probable tluit with an 
e(|ual amount of care the concrete sewer c an be made at least equally 
imiK-rvious to infiltration. Distinct advantages in the use of brickwork 
lie in the facts that it can be built in short .sections; that the centers and 
forma may ls‘ removed almo.st immediately after the brickwork has been 
placed; and that it is not nec(!s.sury to keep long .sections of the trench 
op<!n for coiLsiderablc iH'rioda of time, which is the ease where the 
sewer is to be built of concrete. In re.strictcd trenches where it is 
noce.ssary to put in short sisdions from time to time, brickwork generally 
po8se.s8es a distinct advantage. 

The decision between the use of concrete and of brick masonry depends 
l.irgely upon local conditions, the eliaracter of workmanship which can 
be secured, the quality and cost of brick and other materials available, 
the price to be paid for masons and other labor, the size of the structure 
to be built, and the necessity of working in very short sections. All of 
these conditions and many other facts shoidd be taken into consideration 
before deciding which material to use. 

Inverts.—Upon relatively steep grades, and especially where sand and 
gravel arc likely to find their way into the .sewer, ordinary brickwork is 
subject to erosion. Concrete apijears to be subject to about the same 
wear, but pcrhaiw is not quite eo easily repaired as the brick invert, a 
single course of which can be removed and relaid with comparative 
ease. The removal of a definite (jortion of the concrete invert is a 
matter of considerable difficulty. In some cases, however, brick inverts 
have been iCpaircd with concrete instead of relaying the inner ring of 
briok. 

For reasons stated in Volume I, under conditions of high velocity, say 
in excess of 8 ft. per second, and where the sewers carrj' a considerable 
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amount of abrasive material, concrete and ordinary brick inverts must 
be expected to show considerable wear in the course of 15 to 30 years. 
Under such conditions vitrified brick may be used to advantage for 
lining the invert. 

DisintegTafion of Concrete by Chemical Action.—At a number of 
places in Eurois* and America concrete as well as brick sewers have 
disintegrated, sometimes to an extent requinng reconstruction. Con¬ 
crete, being of a calcarious nature, is affected by acids, some of which 
may be discharged from industrial establishments like wire drawing and 
pickling works, or they may l)e formed'indirectly by the decomposition 
of sewage, during which process hydrogen sulphide may bo generated 
and given off into the air in the sewer, where it comes in intimate con¬ 
tact with the concrete. While dry hydrogen sulphide gas does not ap¬ 
pear to attack concrete, it is easily oxidized to sulphuric acid, which has 
a very deleterious action. Such action would tic equally injurious to 
the mortar in the joints of brickwork, but brick masonry fKisscases some 
advantage over concrete in that these joints, if taken early, can l)c raked 
out and repointed, a prociss which is not readily applicable to a concrete 
arch, repairs to which must lie more extensive and made at considerably 
greater cost. 

At liOs .Angeles, CiJ., an outfall sewer was built in ISM, |)ortions 
consisting of wiKid-stavc piiw, of brick and of brick and concrete. The 
line included two long inti rted siphons and a tunnel. Hoon after con¬ 
struction it was noticed that disintegration of the mortar of the brick¬ 
work was taking |)lace, This action was most noticeable near the 
outlet <if the invened siphons and at another iKiint where the sewage 
dro|)i)cd some 12 ft,, thus allowing the liberation of large <iuuntitics of 
gases. 

Under normal conditions the sewage occupied many hours in travers¬ 
ing the inverted siphon and on emerging was in a septic condition. 
Investigations by Homer Hamlin, then Chief Deputy and later City 
Engineer (Eng. A'cu*, Nov. 8, 1900), indicatcsl that the dttstructive 
agent was sulphuric acid created by the oxidation of hydrogen sulphide 
gas, formed by the putrefaction of organic matter in the sewage and lib¬ 
erated from it. The gases were absorlnxl by drofis of comlensation 
hanging from the arch, and the acid thus came in intimate contact with 
the masonry. Thus sulphuric acid uttackcsl the cement, forming com¬ 
pounds which crystallized in the fwres of the cement with great expansive 
force, causing disintegration similar to that due to freezing. Analyses 
of drops of water attached to the surface of the masonry showed them to 
be strongly acid. Some of the structures connected with this line had to 
be rebuilt and some years afterward the whole line was reconstructed 
in a new location, althougli disintegration of the masonry was only one 
of the factors which resulted in the new eonstruction. 
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Similar effects have been noticed in some septic tanks constructed of 
concrete, the most severe action taking place near the flow line of the 
sewage. 

At Great Falls, Mont,, a sewer constructed of Portland concrete pipe 
showed so much deterioration after a short period of service as to 
necessitate reconstruction of certain portions (Trans. Am. Soc. C. E., 
vol. Ixiii). Jt appears that here, instead of being due to any effect 
of sewage or gas, the disintegration was caused by strongly alkaline 
water surrounding the outside and percolating through the wall of the 
sewer. The ardion wits similar to that noted in other places where water 
containing large <iuanlities of sulphates is encountered, such as sea 
water or water from arid regions, and resulted in di.sintegration by the 
formation of compounds accomjranied by expansion in the pores of the 
concrete. 

This deterioration is by no means universal, even when conditions 
apparently similar to the above arc encountered, and is less when the 
concrete is dense, thus jireventing the, entrance of chemically laden 
moisture into the body of the masonry. In fact, the Ixvst precautions 
which are apparent at the pre-sent time for preventing deterioration 
appear to be the use of dense mixtures, waterproofing compounds, or 
coatings w'hieh jm'vent water from iienetrating beyond the surface 
of the concrete. Attempts luivc been made to attack the problem from 
a chemical standpoint, particularly in France, where some of the cement 
companies have been mote or less successful in producing a “non- 
decomposable" cement. This has been largely done by reducing so 
far us (Krssible the jiereentage of alumina in the cement, as it is to the 
alumina compounds formed by the chemical action of the sulphates in 
the water that the cx))ansion and consequent disintegration apjiear 
to Ire largely due. The lime in the cement is also involved in the action 
and attempts have been made to neutralise its effects by mixing with 
the cement material which will combine with the free lime and form 
insoluble comirounds. 

This action is not confined to mortar and concrete alone but brick, 
underburned clay tile, and even stone have been attacked by alkaline 
waters. In the case of septic sewage accompanied by the evolution of 
hydrogen sulphide gas, the action seems to be more energetic when 
the water contains quantities of mineral sulphates, the production of 
hydrogen sulphide alone from organic compounds being insufficient to 
produce serious results in most cases. 

It is probable that the injurious effect of gases upon concrete and 
mortar wilfbe more evident in warm climates, because of the more vigor¬ 
ous decomposition going on in the sewage and the deirosits from it. 
The following ojiinion of E. P. Richards, City Engineer's office, Madras, 
India, is pertinent: 
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“.I should like to add a warning on this danger. We 

have a number of small concrete pipe drains and sewers in Madras, mostly 
6 -in., 9-in., and 12-in. diameter. They have been laid some seven or eight 
years, and are now found in many places to bo mrroded very l>sdly indeed. 
The disintegration in every case is internal, and in the sofSt. In some 
pipes scarcely any thickness is left, and collapse is taking place. •The 
sewage has a high tcmiieratiire here, and decomposes rapidly; and these 
sewers have never licen ventilated properly. The pipes themselves appear 
to be of quite good hard concrete, and the inverts are usually as good as 
new. We attribute the corrosion to sewer gas” (Surreyor, Apr. 5, 1912, 
p. 539). 

Finally it may be stated that great quantities of concrete have Irecn 
and arc being used with satisfactory results, even in places where, 
according to the isolated cases notetl, disintegration might Ire expected. 
The coiidilion.s likely to produce disintegration of the concrete or of the 
cement mortar in the brick joints are the prisienee of deleterious chem¬ 
icals. irorosity of the concrete or mortar, bad ventilation, strength and 
staleniws of the sew.age, frost iwtion, and the presence of sidt or alkaline 
water coupled with the conditions stated. No definite conclusions 
can be drawn, but in locations where disintegration is considered 
possible, concrete should be used with caution and steps should be 
taken to minimize any possible serious results. 

Use of Materials Excavated from Trench.—In some localities much 
of the sand and gravel for constructing concrete sewers may be obtained 
from the trench itself. In a few ca.se8 the sitnd and gravel excavated 
have been of such quality and so gradisl that they were used without 
screening. It is quite unusual, however, to find the combination such 
that t he requisite proportions of each can be obtained without an undue 
amount of screening. Hand generally preilorni nates to such an extent 
that it is cheaper to transix>rt the gravel from a distance rather than 
screen the large amount of material necessary to obtain it directly from 
the trench. 

In the construction of the Bronx Valley sewer (Eng. Rec., Oct. 22, 
1910) part of the sand was obtained from the trench but required wash¬ 
ing before use. This was aecomplished in a box 14 ft. long, 14 in. wide 
and with a depth varjnng from zero to 4 ft. A weir was cut in one 
side near the top, for the discharge of dirty water and fine material. 
A l2-in. iierforated pipe was laid on the sloping bottom for about half 
the length of the box, through which water flowed for agitating and wash¬ 
ing the material. 

When the trench is through rook it may be economical upon large 
work, where the demand for stone is great, to install a rock crusher and 
screens' for manufacturing the concrete aggregate. In building a 
large sewer 3000 ft. long, in St. Louis {Eng. Nem, July 30, 1908), the 
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contractors installed a No. 3 Oates crusher with a conveyor for elevating 
the stone to scrijens from which it dropped into bins. This plant was 
placed near a railroad siding where sand and cement were received 
and where the concrete mixer was located. Materials were conveyed 
to and from the work by means of an industrial railway. 

This pice.e of work was a very large one, involving a great amount of 
materials to be delivered within a distance economically and practically 
reached from a permanent plant. Portable outfits are, however, 
available for smaller work. In.the con8tru{!tion of the Bronx Valley 
sewer, mentioned above, portable Climax crushers, elevators and bin 
wagons were ustnl and were moved from place to jdacc where rock was 
being excavated from the trench. 

Quantities of Sand, Stone and Cement.—As in the case of mortar the 
(juanlities of ingredi(‘nls re<iuired jw'r unit volume of concrete depend 
on the characliT of the sand and stone, the i>ercentage of voids and the 
(tensity as affected by the proportions of particles of different sizes in the 
mixture. Tht^ general laws relating to volumes and voids are thus stated 
by Taylor and Thompson in their ‘'Concrete, Plain and Reinforced," 
second edition, page KiO: 

" (1) A mass of equal spheres, if symmetrically piled iti the theoretically 
most oornpjict manner, would liavc 20 per cent, voids wliatever tlie size of 
the spheres, Init by experiment it is found that it is practically impossible 
to got below 44 per wnt. voids. 

“ (2) If a dry material having grains of uniform shape be separated by 
screens into grams of uniform dimensions, the separated sizes (except when 
finer than will pass a Nt». 74 screen) will contain approximately equal per¬ 
centages of voids; in other words, a dry substance consisting of large 
particles, all of siintlsr size and shape, will contain practically the same 
percentage of voids as a substance having grains of the same shape but of 
uniformly smaller size. 

" (3) In any material the largest percentage of voids occurs with grains of 
uniform siw*, and the sinullest permitage of voids with a mixture of sizes 
so graded that the voids of each size are filled with the largest particles that 
will enter them. 

"(4) An aggregate (H)nsi.sting of a mixture of coarse stones and sand has 
greater density—that is, contains a smaller |>crcentage of voids—than the 
sand alone. 

“(S) B.v Fuller and Thompson's experiments, perfect gradation of 8i»*8 
of the aggregate appears to occur when the iieroentagcs of the mixed aggre¬ 
gate passing different sizes of sieves are defined by a curve which approaches 
a combination of an ellipse and straiglit line. 

‘‘{0) Materials with mund grains, such as gravel, eoniain fewer voids 
than materials with angular grains, such as broken stone, even though the 
partidies in both may have passed through and been caught by the same 
scroens. 

(7) The mixture of a small amount of water with dry sand increases 
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its bulk. In the cusc of iiioet bank sands the maximum volume—and henoe 
the smallest amount of solid matter per unit of volume, that is, the largest 
percentage of absolute voids—is reached with from 5 to 8 per cent, of 
water.” 

In practice the cHort is to obtain, so far as practicable, both for 
strength and impermeability, the densest mixture possible. The best 
experimental work on this subject has been done by W. B. Fuller and 
Sanford K. Thomjwon (Trans. Am. Hoc. C. E., vol. lix, and Taylor and 
Thompson, “Concrete, Plain and Kcinforccd," to which the reader is 
referred). 

Fuller gives detailed directions for analyzing aggregates by screening 
into different sizes, imiking anab'ses of these different sizes and com¬ 
bining, by the aid of curves plotted from the analyses, the different 
materials in such pro|K>rtiun8 as to obtain a curve of maximum density. 
It is usually impracticable to screen the aggrogatm into many sizes for 
the pur[M)SC of recombining them in protrer pro|)ortions, but often by 
screening to three or even two sizes, combinations can l>e made to 
fit the theoretical mixture surprisingly well. If the particular sand and 
gravel to lie used arc already detennined, F’ullcr gives the following 
method of proportioning by trial mixtures. 

“Having determined the particular sand and stone which are to be used 
on any piece of work, a simiile and accurate way of determining proportions 
is liy actual trial batches of fresh material. For this it is only necessary to 
have goisl scales and a strong and rigid cylinder, say, a piece of lOdn. 
wrought-iron pi|M* capped at one end. Carefully weigh out and mix to¬ 
gether on a piece of sheet steel or other non-absorbent material all the 
ingredients, having the consistency the same as is intended to lie used in 
the work. Plane these in the pi|>e, carefully tamping all the time, and note 
the height to which the pipe is filled. Weigh the pipe before filling and after 
licing filled, thus checking the weight of material mixed. Throw this 
material away tiefore it has time to set, and clean the pipe. Make up 
another batch, using the same weights of oement and water and the same 
total weight of sand and stone, but have the ratio of weights of the sand 
and stone slightly different from the first. Note whether, after placing, the 
height in the cylinder is less or mure than was the height of the first batch, 
and this will lie a guide to further similar mixes, until a proportion is found 
which gives the least height in the cylinder, and at the same time works well 
while mixing and looks well in the cylinder, all the stones being oovered 
with mortar. This method, if carefully followed, will give very accurate 
results, but of course does not indicate, as does meclianical analysis, what 
other changes can be made in the physical sizes of the sand and stones so 
as to get the best available composition.” 

To what extent it is economical to go in the proper separation and 
combining of aggregates is, of course, impossible to determine ex¬ 
cept by a conaderation of local conditions. It may be stated, how- 
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ever, that under certain conditions jKirfect grading of the mixture may 
result in saving 1 /2 bbl. or more of cement per cubic yard of concrete, 
and equal strength will Ije attained. 

Methods involving the determination of voids by running water into 
the aggregates give erroneous results and are no more accurate than the 
arbitrary selection of proportions such as 1:2 :4 or 1:3 :6 parts of cement, 
Band and stone re8|>ectively. This method is based on the theory that 
the voids in tlie stone will amount on an average to 50 per cent., 
and that the amount of mortar sliould be slightly in excess of this 50 
per cent. The general laws governing the relations of the various 
constituents are thus summarized by Taylor and Thompson: 

“The strcngtli and density of concrete are affected hut slightly, if at all, 
by decreasing tlie (piantity of the medmni size stone of the aggregate and 
increasing tin* quantity of the coars(‘st stone. An ex<!e8H of stone of medium 
size, on tlie other hand, appreciHl>ly decreases the density and strength of 
the concrete. 

“The strength and density of coticretc are affected by the variation in 
the diameter of the particles of sand more Ituui l)y variation in the diameters 
of the stone particles. 

“An excess of fine or of mediiiin surid <lecreaHe.s th(‘density of the mixture, 
Imt increases the strengtii, although m a slightly smaller ratio than the 
increase in the ratio (;f ceinent. 

“Tlie substitution of cement for fine sand does not affect the density 
of the mixture hut incrt'iises the strength, although in a slightly smaller 
ratio than tin* increase in the ratio of ecinent. 

“It follows from the hiregoing conclusions that the correct proportioning 
of conen'te for strength <x>iisisls in finding, with any percentage of cement, 
a concrete mixture of inaxinnim density, and increasing or decreasing the 
wment by sulistituting it for tlie fine particles in the sand or vice versa.^ 

“In ordinary proportioning witli a given sand and stone and a given per- 
ctmtage of eeinent, the denst'st luul strongest mixture is attaineil when the 
volume of the inixtun* of saml, (cement and water is so small as just to fill 
the voids in the stone. In other words, in practical construction, use as 
small a proportion of sand and as largt* a proportion of stone as is possible 
without producing visible voids in the concrete.” 

As indicating the amounts of materials necessary for concrete, under 
average conditions usually obtaining in sewer w'ork, Table 53 is taken 
from a table in “Concrete, Plain and Reinforced,” by Taylor and 
Thompson: 

Mixing Concrete by Hand. —Concrete may lie mixed by hand or by 
one of the various tyixs of machine mixers. The relative economy in 
coet of th? two can only be decided by a consideration of the size of, 
and conditions surrounding, the work. On small sewers the necessity 

* Tbit very iroportaat law requirea furUwr t<wU for confirmation outside of the iiouts ot 
Um prewat t«au. 
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of frequent changes in the location of the mixer generally precludes the 
use of charging machinery, by which some economy is sometimes 
effected on large work, so that the saving in labor over hand mixing 
is only that due to turning and mixing the concrete. Against this must 
be placed the interest on the original cost, depreciation and operating 
expenses of the machine mixer. Where only a small quantity of con- 
crele is to l)e mixed per day, these charges may be greater than the 
cost of mixing by hand. 

At Harrisburg, Pa. (Eng. Rec., Oct. 1.5, 1964), experiments with a 
machine mixer in a section requiring 0.34 cu. yd. of concrete per foot 
showed no economy by the use of a machine. At Louisville, Ky., whore 
a large numl)er of concrete sections varying in size from 2 to 15 ft. in 
diameter were built in 1907 to 1910, a very large proportion were con¬ 
structed by the aid of concrete mixers, even down to those about 4 ft. in 
diameter. It is (|uestionable, however, whether on these smaller sizes 
there was any economy over hand mixing. As a rough general statement 
it may Iw said that very often machine mixers may be found economical 
where the amount of concrete to be mixed is in excess of 20 cu. yd. per 
day. This, of course, assumes that working spaces are sufficient to 
permit efficient handling of the machine. 

The process of mixing by hand may be performed in a number of 
different ways. Sand and cement may be mix(>d dry, spread upon the 
stone evenly and water applied, after which the mixture is turned, or 
the cement and sand may be made into mortar which is spread upon 
the stone and the mass turned and mixed. In the latter case the mor¬ 
tar is mixed separately in the mortar l>cd, the cement and sand Iteing 
mixed dry until they are thoroughly incorporated and the mixture is 
of an even color throughout. Water is then added and the mixture 
still further turned over with shovels or stirred with long-handled 
hoes, l)efore si)reading on the stone. 

For measuring the materials it is convenient to provide bottomless 
boxes of proper sizes, handles t)eing pro\’ided at the corners by which 
they may be lifted after Ireing filled. Under some conditions, however, 
it may be possible to calibrate the wheelbarrows and thus proportion 
the amount of sand and stone by taking a si)ecified number of wheel¬ 
barrow loads of each. The batch which has been found most con¬ 
venient and customary to mix is one which takes a barrel of cement 
and amounts to 20 cu. ft., more or less. It is not usual to measure the 
cement separately, but the amount both as to volume and weight 
which a barrel is assumed to contain is specified. As there is a great 
variation^n the weights of cement per unit of volume, depending on 
whether it is weighed loose or packed, it is customary to assume and 
specify that 100 lb. of cement equals 1 cu. ft., and that one barrel 
contains 3.8 cu. ft. 
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In mixing the concrete, two men face each other on oppoaite aidea of 
the mixing board and the maaa ia spread out in a thin layer on it. Then 
with square-pointed shovels, one man working right-handed and the 
other left-handed, they push the shovels along the platform und«' 
the piles, lift a shovelful and turn it over with a spreading motion, 
drawing the shovel at the same time toward themselvee. By this 
method of operation a ridge of concrete is soon formed parallel to the 
original mass and 2 or 3 ft. away from it. This ridge is then handled 
in the same way by two more men, thus giving it a second turn. After 
the whole mass has i)een thus turned over twice, two of the men turn 
the material a third time back into a position near its original place. 
With a large gang a pile may Ire attacked from two sides, eight men thus 
being oircupied in mixing the material, l^simlly three complete turns 
of the whole tmtss by skilful men are sufficient for pro|)or mixing, but 
not when the work i.s done without pro|)cr spreading of the materials 
by the shovelers. A gang of alrout Iff men, detrending on the distance 
the material must be wheeled, the difficulty of placing, etc., will mix 
and place about 25 cu. yd. per day of 10 hours. 



Fio 123 "(liwoUne-driven mixer (Little Wonder). 


Machine Mixing.—Mechanical concrete mixers are of two general 
classes, continuous and batch. There is a further differentiation as 
to the manner of mixing, as by paddles, gravity or rotation. By far 
the greater number of mixers used in sewer work consist of the rotary 
batch type, which is either discharged by tilting or by introducing a 
chute which intercepts the failing concrete and carries it out. Fig. 120 
shows one of the tilting mixers and Fig. 121 one of the stationary 
mixers with discharging chute. Another type consists of a cube rotated 
so that a line through two opposite comers maintains a horizontal 
position. About 1910, a demand for s;nall mixers arose and was met 
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by a number of liRht machines, one of which is shown in Fig. 123. 
It wcinhs only 1450 lb. with the truck and 2-1/2-h.p. gasoline engine 
and mixes 5 cu. ft. of concrete in a batch. 

Mixers of the batch tyjs; are usually charged by hand, either by the 
use. of runways and wheelbarrows where the charging hopper is not 
too high, or mechanically by filling boxes, Fig. 122, which are lifted from 
the ground and dumped into the mixer. 

Continuous mixers arc operated by paddles which stir the material 
in a trough and push it constantly toward one end. The materials 
are handlrai either by being spread out in proper proportion on a 
platform and then sbovelcd into the mixer, or by men shoveling them 
in projrer iiroportions, from idles of cement, sivnd and stone, that is, 
a 1 to 2 to 4 mixture would require one man shoveling cement, two 
sand and four stone, thus maintaining a constant proportion of 
ingredients. 

In one tyjs' of gravity mixer the materials, previously arranged in 
layers of stone, sand and cement, are shoveled into a long chute-like 
device crosswi by liars at intervals for breaking up the materials, 
which to.is them about and against the sides, water being introduced 
at the same time. In another type cone-shaped hoppers w'ith openings 
closed by gates arc located one above the other, the materials being 
dischargeil from one to the other and mixed by mingling together in 
their passage. 

A portable gravity mixer known as the Hains-Weaver has been used 
to some extent on sewer work. This consists of four iron hopiiers hung 
one below the other by chains, each hopper being provided with a gate 
at the bottom. The sand, stone, cement and water are placed in the first 
hopper, after which the gate is opened, allowing the contents to flow 
into the second hopiier, its gate then being opened and so on. The 
action of the mixer is somewhat like that of the sand in an hour glass, the 
materials from the sides flowing toward the center and thence downward. 
For concrete of fairly wet consistency, such as is often desirable in sewer 
work, this type of mixer apparently works well. When too much water 
is added there is a tendency for the water and fine material to run 
through rajiidly, leaving the stone to follow. For dry mixtures the 
mixing is liable not to be as complete as desirable. 

This Ijiie of mixer was used on a 4 ft. 3 in. by 5 ft. sewer in Boston 
where the conditions were somewhat unusual. This sewer was being 
built through a narrow alley where the trench took up practically the 
full working space. A cableway was installed with the towers erected in 
streets at the ends of the alley. The mixer was hung from an elevated 
wooden portable platform carried by a framework the legs of which 
rested on the trench braces. A number of additional hoppers fdmilar 
to those compoung the mixer but provided with legs so that they could 
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be brought to rest over the top of the mixer, were used for transporting 
the concrete materials, including water, which were placed in them in the 
street at one end of the alley. This sewer was built in three operations, 
and two frameworks for supporting the mixer were provided, each in turn 
being lifted by means of the cableway and placed about 15 ft. forward of 
the one in use. 

Materials may lie measurerl in ordinary steel wheelbarrows’but 
barrows with high sides. 

Fig. 124, allow of more 
accuracy of measure¬ 
ment and carrj- larger 
quantities of wet con¬ 
crete. The ordinarj’ 
barrow holds but a small 
quantity, as the con¬ 
crete, when very wet, 
assumes a horizontal 
position so that but 

sm,^ space is available F,,, i.-t -Concrete wheelbarrow (Hterling). 
if tho fonrrete ih to he 

prevented from running over the sides and ends when the barrow is 
lifted. 



On this account two-wheel earts with high sides. Fig. 125, arc some¬ 
times used, but they r«iuire a wide runway and may lie too heavy when 
filled unless the ground or runway is level. 

Under some conditions an industrial railway may be laid beside the 
trench and side dump cars of the type 
shown in P’ig. 126 may be used, dis¬ 
charging their contents into chutes 
which convey it to the forms. Where 
a single permanent mixing plant can 
be made to serve a large piece of work, 
narrow gage railwav-s are often desir¬ 
able for several purposes, and in order 
to limit the variety of cars needed it 
may be advisable to use flat instead 
of dump cars and to carry the concrete 
in buckets, which can be handled at 



Fio. 125-< 'omTcte buiurY 
(liHnoumc) 


♦-WS.S-L u 1 • t . wujuu uau DC nanoiea at 

the trench by derncks or otherwise. This will involve more labor in 

Wtag concrete but the expense of shifting a chute in the trench 
may be avoided. 

!*** is deUvered by derricks, cranes or cableways, it 

murt transported m buckets, of which many varieties am in use. 
someof them are emptied by tripping a catch, which allows them to turn 
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over, discharging the concrete with a wide-reaching splash. Where 
more accurate placing of the concrete is required, a bucket with a 
hinged bottom is used, and where very accurate placing is needed, as 
in walls, the form shown in Fig. 127 is particularly serviceable, as the 



Fio 126 —Concrete car 
(Wiener) 



discharge of the concrete is kept under close control. On large work 
where the introiiuction of labor saving machinery has proved economical 
and sufficient working space was available, much ingenuity has been 
expended in the design of concrete mixing and transporting machinery. 



fio. 12S.--Ckiucret« plant over trench, Louisville. 


An mteiEsting equipment was installed upon Section B of the South¬ 
ern outfaU sewer at LouisvUlc, Ky. It consisted, primarily, of a concrete 
mixer mounted upon a standard gage car, and a locomotive crane, both 
being moved along the trench as the work progressed. The sand and 
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gravel were dumped beside the trench, shoveled into a bucket which wu 
hoisted bv the crane &nd discharged into suitable hoppers, mounted on' 
the car above the concrete mixer. A water tank was placed on the oar 
at such an elevation that the water would run by gravity to the mixer, 
operated by a steam engine which, with its boiler, was also mounted on 
the car. At one end of the car an enclosure was built for storing oement. 
As the concrete was mixed it was dumped directly into a hopper from 
which it flowed through chutes into the trench where required. Upon 
Section D of the sewer, a car spanning the trench was used for conve^ng 
the concrete mixing machinery, as shown in Fig. 128. This car also 
carried a house in which the cement was stored. The materials were 
brought to the mixer in wheelbarrows and after the concrete was mixed, 
it was discharged into a hopper and through troughs into the forms. 

An illustration of the extent to which spettial equipment and machinery 
for the mixing and handling of concrete may be used upon sewer work is 
furnished by the construction of the sewer at Classon Point, in the 
Borough of the Bronx, New York City, descrilred in "MunicipiU Jour¬ 
nal," vol. XXXV, p. 821. At the upper end the sewer is 7 ft. wide and at 
the lower end of the single barrel structure it is 12 ft. 6 in. wide. Below 
this point the sewer is a double barrel structure, each barrel ranging in 
size from 8 ft. 3 in. to 11 ft. 3 in. wide. The entire length of the sewer is 
about 9I(X) ft. Near the outlet a dock was provided from which a 
construction track extendi d throughout the length of the work. Upon 
the dock small elevated bins for sand and gravel were constructed. 
These are filled by means of a derrick from scows which were loaded at 
the gravel bank with sand and gravel in the proportions required for the 
concrete. The maUTials for the concrete were conveyed from the dock 
to the work in buckets upon flat cars. The oars were placed under the 
small bins from which charges of gravel and sand were drawn and 
automatically measured, upon which tlie necessary quantity of cement 
was placed. Two cars, each containing six buckets, were then hauled to 
the work, hoisted and discharged into a Hains gravity mixer, mounted 
upon a tower built upon a wide-gage car. After the concrete had passed 
through the mixer into a bucket placed upon the ground, it was raised up 
a steel tower on the same car to the necessary height and discharged 
into a loading hopper, from which it was drawn into a U-ahaped trough, 
through which it flowed to a second hopper, whence it was discharged by 
troughs into the forms. The plant was so arranged that the discharging 
hoppers could be placed at any desired height and the concrete dis¬ 
tributed over a considerable area by means of swivel joints connecting 
the two chutes. The cars carrying the engines and mixing and dis¬ 
charging towers were moved along the side of the trench on rails, as the 
work progressed. 

It is of the utmost importance to estimate carefully the quantity of 
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concrete required, the expense of handling it by different methods and 
■the cost and operating charges of plant liefore deciding what equipment 
should be provided for a givcui undertaking. While mechanical equip¬ 
ment will prove advantageous if the quantity of concrete to be handled is 
large and the plant can tie kept in operation a relatively large proportion 
of the time, it is easy to provide a plant so complicated and expensive 
that its oiicration more than offsets the saving in cost of mixing and 
placing the concrete by simpler methods. Ujion small sewer work, it b 
often less expensive to mix and place the concrete by hand than to 
employ even relatively simple machinery, and the use of complicated 
liandling and mixing machinery upon small work is rarely justified. 
It is probably true also upon moat sewer work that relatively tittle 
money is made or lost in the luuidling of concrete in comparison with that 
which may be made or lost in the handling of the excavation. 

Placing Concrete.—I'jion small work, where excavations are shallow, 
it will usually be most satisfactory to shovel the concrete into the forms 
from the mixing bed. Where the work is deep and it is not convenient 
to place the mixing bed over it, the concrete can be conveyed from the 
mixing bed to the forms through chutes, which may be made of wood 
lined with sheet iron, or jireferabiy entirely of sheet iron. Such troughs 
arc frequently li-shaisal, although, and esiiecially where they must be 
placed in a nearly vertical position, they may be made nearly cylindrical 
in form. In either ease they should lie so constructed as to telescope, 
the lower end of the upper trough fitting into the upper end of the 
trough below. It will usually be found convenient to provide a metal 
hopiier at the top, into which the concrete may be thrown or dumped 
and from wliich it will flow into the troughs. 

Concrete should be made of such a consistency that it will flow readily 
through a trough inclined 1 ft. in 3 ft., and at least this inclination 
should be provided, as concrete will not flow readily through troughs 
laid upon a flatter slojie. It is necessary many times to hang the 
trouglis or pi|X‘s upon a much steeper slope and difficulty is often 
experienced when the angle of inclination is at or somewhat more than 
45 deg. by the tendency of the stone, and particularly of rounded gravel, 
to separate from the mortar in passing through the trough or pipe. 
Where the angle of inclination is nearly vertical, this tendency is again 
reduced. Where there is a decided tendency for the stone to separate 
from the mortar, it may be necessary to catch the concrete in a box and 
re-mix it before finally placing it in the forms. If this is not done, care 
must be taken to prevent “ pockets ” of cobbles or broken stone in which 
there is insufficient mortar and fine aggregate. 

Concrete is now usually mixed very wet and does not require tamping, 
but docs need more or less spading and slicing with thin metal blades. 
These are of assistance in working the concrete through reinforcement 
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and for scraping and prjing the larger stones away from the forms, so' 
as to leave a good mortar finish when the forma &n removed. Two or 
more men, depending on the siic of the work, arc required for placing 
and cutting the concrete, and one man, when wheelbarrows are employed, 
to assist in emptying them into the chutes. 

Careful consideration should l)e given to the best method of con¬ 
structing concrete sewers Small circular sewers, perhaps up to a di¬ 
ameter of 4 ft., can in many cases 1 k‘ advantag(‘0U8ly built in one 0[icru- 
tion, full cylindrical forms {(h'scrilHul • in Chapter XV) being plactsl 
before any concrete Is put into the trench. ll|K)n larger sewers there 
is a great variety of form.s available for use, some laing made of 
wood and others of steel. Much ingenuity may Is- exercised in the 



Flu. 12fl.—Templates to which invert was sereeded, Louisville 


design of large forms to reduce the cost of labor in removing and 
carrying them forward and resetting them. 

Sewers more than 4 ft. in diameter arc generally built in two, three, 
or more operations. The invert is first jilaced for a considerable distance. 
Upon this the side walls are budt and after these become set the arch 
is turned. This method of progressive construction reiiuires tliat a con¬ 
siderable length of trench be kept open at all times for concreting, and 
as time is required for the concrete to become thoroughly set and acquire 
sufficient strength so that the forms may be removed, it is a source of 
considerable delay wliich should be taken into consideration in planning 
the rate of progress to be attained. 

Invects are generally laid and sereeded to templates. In some 
cases the concrete is placed in alternate blocks, from 8 to 10 ft. in length, 
between bulkheads. Where the concrete is placed continuously it is 
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•necessary to provide templates at frequent intervals, wbieh may con- 
veniently be constructed of 1/2 X 1-1/2-in. steel on edge and hung 
from the bracing overhead, Fig. 129. As the concrete is screed^ 
these templates are moved forward. 

V^here the concrete of which the invert is constructed is very wet and 
contains a large quantity of mortar, it may be possible to so work it as 
to bring the mortar to the surface and provide a satisfactory and 
smooth invert surface by screeding. If the concrete is lean or dry it 
may be necessary to use a small quantity of mortar to secure a smooth 
finish, usually not more than 1/2 in. This, of course, should be applied 
lieforc the concrete has acquired its initial set. 

If good concrete work is to be secured it is absolutely essential to 
have watertight, well-made and accurate forms, and to mix the con¬ 
crete of the proper consisteiiey. If these two points arc given careful 
attention, little difficulty should be experienced in providing a satis¬ 
factory concrete structure. 


PUemg Reinforcement.— In the construction of reinforced concrete 
sewers, placing and holding the reinforcement in its proper position is a 
troublesome as well as an important matter. The method of doing this 
largely depends upon the position of the metal and the ingenuity of the 
constructor. For small sewers, 3 ft. or less in diameter, which may be 
built in one oiieration, as described in Chapter XV upon “Forms and 
l.eiitcrs, reinforcement is not usually required. If, however, for special 
reasons reinforcement is necessary, construction in a single operation is 
generally impracticable. This is particularly the case where expanded 
metal or woven fabrics of fairly coarse mesh are used. The fabric acts 
08 a screen, preventing the free flow of concrete around the forms. In 
such eases as with larger circular sewers, it is desirable to lay part of the 
invert under the more inaccessible part of the form, by means of tem¬ 
plate and screeds. Part of the reinforcing material, bent to shape and 
extending above the springing fine, is held in proper position by fas¬ 
tening It to longitudinal timbers on either side of the trench, and if 
necessary, it is also supported by blocks underneath it, removed' as 
the concrete reaches them. When the invert is more or less fiat, the 
concrete may be first placed up to the position of the steel, which is 
then put in position and the concreting continued, or the whole system of 
rei^oroement may be first placed in position and held by blocking and 
fastenmg to the trench braces, before any concrete is placed. This 

A ‘he proper location of the steel, 

^ter th^wer is completed to the springing line and the centers placed, 
the st^l IS set and fastened by wiring it to the projecting ends of the 
invert 8^1, a proper space between the centers and the steel being main¬ 
tained, if necessary, by blocks which are removed as the concrete reaches 
taem. 
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Much o{ the success in the proper pbudng of the reinforcing steel 
depends upon bending it to the correct shape before it is lowered into the' 
trench. This may be done on the bank by the aid of templates and a 
bar or tire bending machine, or, in case of large quantities of a particular 
shape, the steel may be bent at the mill before shipment. In the con¬ 
struction of a concrete sewer in the Borough of Queens, N. Y., the rods 
were bent on the bank by unskilled labor. A heavy platform was 
provided, to which were nailed pieces of 4 X 4 in. timbers 2 ft. long. 
These were nailed at proper points determined by trial, and the steel 
bent around them. 

When the arch only is to lie reinforced, short pieces of steel may be left 
emt)eddcd at proper points, with their ends projecting alwve the invert 
niiisonry at the springing line, to wliich the arch steel, which is held above 
the centers by blocks at the crown, may 1)C fastened. In the sewer con¬ 
struction mentioned above, holes were left in the green concrete of the 
side walls, into which the ends of the arch steel were grouted after the 
arch centers had been placed. 

During construction it should Iw borne in mind that while the steel 
may t)e easily lifted out of wet concrete, it is almost impossible to force 
it in. Thus in forming the arch when flexible material is used, it may bo 
easily kept away from the inner surface by lifting, but if lifted too high 
it is almost impossible to force it back again to its proper location. 

WATERPROOFING 

Permeability of c mcrete is more or less dependent upon a number of 
factors. It may l>c lessened by increasing the projrortion of cement to 
other ingredients, by the use of sand and gravel rather than crushed stone 
and screenings, by proper grading of the aggregates, by making the 
mixture quite wet, and by increasing the thickness of the concrete. 

It is neither practicable nor economical to make sewers wholly 
impervious to water, as is sometimes done in the case of other under¬ 
ground structures which are not used for carrying water. The use of 
carefully graded mixtures rich in cement, mixed wet and effectively 
worked and spaded into place, is the extent to which it is genernlly 
considered economical to go. Such precautions, where the head is slight 
and where the concrete shell is of considerable thickness, will result in 
practically impervious concrete. Under certain conditions, however, 
where the sewers are laid in wet trenches and the head of water outside 
is considerable, and particularly where the concrete section is a thin one, 
it is desirable to take some special precautions to prevent excessive 
leakage. 

At Fitchburg, Mass, (report of David A. Hartwell, Chief Eng., 
Sewer Ckimmissioners, 1912) where the intercepting sewer was built in a 
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water-course, the concrete walls were made 9 in. instead of 6 in. thick 
and reinforced with longitudinal steel rods to prevent contraction 
cracks. At Louisville, Ky., at places (report Sewer Commissioners, 
1910) where large amounts of ground water were encountered, part of 
the sand used in making the concrete was replaced with 10 per cent, 
of iinc molding sand mixed with some clay. Testa showed that this 
reduced the leakage to one-fifth of that obtained with an ordinary 
1:2:4 mixture, and below that obtained with a mixture graded as 
I)erfectly as ])ossible. 

Various other mixtures, some of a proprietary character, have been 
used to dcerea.se jrermeability. Generally tlie.se consist of fine earthy 
material which fills the interstices in the concrete, or fine material which 
by its nature repels water, or a combination of both. The fine sand 
just mentioned belongs to the first type. Clay is also effective, 
particularly with lean mixtures, say 1 jiart cement to 3 parts or 
more of sand. With richer mixtures, its value is not so apparent 
and it di'creases the strength considerably, as in this case the 
interstices of the sand are already well filled with cement. Alum 
and soap, mixed in the proportion of 1 jiart alum to 2.2 parts 
hard soaii, reduce iiermeability, but they also considerably reduce 
the strength of the resulting concrete. The alum may be mixed 
with cement dry and the soap dissolved in the water to be used for 
gaging. Gr the materials may be dissolved in the water separately and 
mixed ju-st before the concrete is made. As water will only dissolve 
about 3 |)er cent, by weight of hard soap, the projier proportions to be 
mixed with the water are 1-1/2 per cent, alum and 3 i«‘r cent. soap. 
Tests show that this mixture may reduce the strength of the concrete 
about 20 iwr eiuit. Lime and soap in the proportions of 1 to 12, or 1/4 
IHir cent. lime to 3 per cent, soap, to the weight of water, have also lieen 
used with success. Hydrated lime {Eng. Cant., July 1.5, litOS, Sanford 
Thompson) has been effectively used in the following proportions: 

S pcT 04*nt of of oriHPnt, 1 • 2.4 oonrreU' 

12 1 '2 p«‘r cont of weight of rfim-ut, 1 :2--1 '2 4-l/'2 rom-rete. 

10 }K‘r cent of weight of cenient, 1:35 cooerpte. 

Soap nn<l alum have Is'en used for many years in the Sylvester proc¬ 
ess of waterproofing masoniy by successive alternate surface applications 
cS solutions of these materials. {Trans. Am. Soc. C. E., vol i, p. 203.) 
The early use of these substances as ingrerlients in mortar is difficult to 
trace. In lOOOGen. W.L. Marshall added 3/4 lb. of alum to each cubic 
foot of sand and 3/4 lb. of soft soap to each gallon of waterfor l:2-l/2 
mortar ^>r work in New York harbor. In 1903 the subject was dis¬ 
cussed at tlie convention of the American Society of Civil Engineers. 

At Louisville, Ky. (report Commissioners of Sewerage, 1910) experi¬ 
ments were made to determine the moat effective waterproofing com- 
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pound to use on certain sewers to Iw built in wet ground. Tests were' 
made of specimens of concrete 10 in. in diameter and 4 in. thick. These 
blocks were placed between iron castings, bolted firmly together in such 
a way as to allow the application of water under different pressures to 
a surface 6 in. in diameter. One sample of concrete was proportioned 
to form a theoretically [icrfectly graded mixture; another an ordinary 
1:2:4 mixture, and another a 1 :2:4 mixture to which varius water¬ 
proofing compounds of a proprietary nature were added. Table 64 
gives the results of the-se tests. 


Table 04.—Seepaoe i.n 7 Ilooits throooh Concbete with Vabioub 
■Watkki'Hooei.s’u Tks;atments, vnueh 15 Iji. Pbehsore 

(Hpport ('oiiiiinnnionMH of I.ouiffvill*'. Ky., 19O7-10I0, p. ftfi) 


Sp^riiu^n 

Culiif* 

per 

»({unre 

inrh 

Cubie 

rriili- 
mrU'n per 
Bguart- ecn- 

timptiT 

OalluaB 

per 

nquare 

foot 

Total WM'p- 
age in cu* 

llic PfDti* 

metrn 

Perfect mixture 

I 

;i 9.') 

0.97 

721 

Concrete, 1-2-4 

n 47 

11) 4,5 

4 04 

3,000 

Ct>neretc with 5 per cent. clav. 

0 m 

2 18 

0.54 

398 

Conf rete witli 10 per c(*nt. clay 

0 12 

0 31 

0.08 

.56 

Concrete with !) per fine sand 

4 fl4 

12 .55 

3,08 

2,290 

Concrete with 10 per cent fine Hfirnl 
Conende with 4 per cent, hydrated 

1 22 

3 10 

0.70 

505 

lime , . , 

0,72 

1 K2 

0 45 

332 

Concrete with 6 p'*r cent. hydrale<l 
lime . .... 

Concrete with 8 per cent, hydrati'fl 

0 24 

0 G1 

0.15 

112 

lime 

0 n 

0 27 

0.07 

4U 

Concrete with 2 per cent. Moflii.Ha 

0 97 

2 47 

0.61 

450 

Concrete with 4 per cent. MfHlusa 

0 

0 

0 

0 

Concrete with 4 |)er cent. Mauinet' 

0 24 

0 fH) 

0 15 

no 

Concrete with McC'oniHck . 

0 17 

0 44 

0 11 

so 

Concrete with Ceresit 

Concrete with 4 per cent Toxe- 

2 00 

5 Ofl 

1 25 

928 

ment 

0 

0 

0 

0 


Whore very fine wand and clay were used they replaced an 
equal amount of Ohio River sand. Wltcre hydrated lime, Medusa, Mau- 
mee and Toxoment were used, the amount added was a definite propor¬ 
tion of the quantity of cement uw^d, hut the quantity of cement wm not 
reduced. The McCormick compound wiia furnished already mixed with 
the cement and was said to have l>een mixed just liefore grinding. The 
Ceresit was substituted for a portion of the water and in the proportion 
of one to twenty. The dry waterproofing compfjunds and the lime were 
added to and thoroughly mixed with the cement before wetting. 
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-Table 66.— Resdlts of Tests to Detbbmine Effect of WatsE' 
PKOOFINQ MaTEKIALS CFON THE TenSILE StBENQTH OF NEAT A^D 
Mobtak (1 : 3) BRiQtTETrES 




Per 

Teoflile atrength 

Waterproofiag inBt«riaU 
' added 

How added 

Neat 

Mortar 1-3 

added 

7 

days 

28 

days 

7 

days 

tt 

days 

McCormiok “A,” St. 

Combined with cement 


797 

740 

206 

307 

MoConniok "B, 
local... 

CombinedvWith cement 
at mill. 


513 

577 

199 

220 

Ceresite. 

In place of water. 

5 0 

642 

669 

311 

375 

Molding sand. 

In place of sand*. 

5 0 

668 

743 

176 

368 

Molding sand . 

In place of sand. 

10.0 

636 

642 

177 

510 

Hydrated linm. ... 

Added directly to dry 

5 0 

749 

651 

387 

511 

Hydrated lime.,.. 

cement. 

10.0 

608 

635 

371 

505 

Clay. 

In place of sand*. 

2 5 

753 

737 

235 

344 

Clay . 

In place of sand. 

.5.0 

718 

912 

221 

401 

Clay.. . 

In place of sand. 

7 5 

644 

802 

.344 

327 


■ lo the case of the neat briquettes the amount of sand and olay added were percentages 
of the dry cement. 

Tests were also made to determine the effects of these various com¬ 
pounds on the strength of neat cement and mortar, with the results 
given in Table 65. As a result of these experiments it was decided, as 
mentioned above, to use 10 per cent, of fine molding sand with some clay 
in substitution for an equal amount of ordinary sand. 

The report of the Committee on Waterproofing Materials, of the 
American Society for Testing Materials (1913), states the following 
among its conclusions; 

"That the majority of patented and proprietary integral compounds 
tested have little or no immediate or permanent effect on the permeability 
of concrete and that some of these even have an injurious effect on the 
strength of mortar and concrete in which they are incorporated. 

"That the permanent effect of such integral waterproofing additions, if 
dependent on the action of organic compounds, is very doubtful. 

"That in view of their possible effect, not oidy upon the early strength 
but also upon the durability of concrete after considerable periods, no 
integral waterproofing material should be used unless it has been subjected 
to long-time practical tests undo' proper observation to demonstrate its 
value, and unless its ingredients and the proportions in which they are 
present are known. 

“Xfiat in general more desirable results are obtained from inert com¬ 
pounds acting mechanically than from active chemical compounds whose 
efficiency depends on change form through chemical action after addi- 
tion to the concrete. 















Fig. 130.— Siipporta for remforcement in invert and side walls, Louisville. 




















I'lO. 131.—Joint ubi'd ma large sewer, J.ouisvillc. 






CONSTROCTTON Of (mCXXTR SXWBSS SM 

''TIiAt void-filling suhotenoM nre more to bo reliod upon thnn tikooo, 
whom rnlue depends on repellent notion. 

"That, assuming average quality as to sise of aggregates and reaaimably 
good workmanship in the mixing and placing of the oonsretes, the additioa 
of from 10 to 20 per cent, of very finely divided void-filling mine^ suhatanoea 
may be expected to result in the production of oonorete which, under o<xii- 
nary conditions of exposure, will bo found impermeable, provided the 
work joints are properly bonded and cracks do not develop on drying, or 
through change in volume due to atmospheric changes, or by settlement. 

“So far the committee has considered only concretes of the usual propor¬ 
tions, namely, those ranging from 1 cement, 2 sand and 4 stone to ] cement 
3 sand and 6 stone. It has been suggested that impermeable concretes 
could be assured by using mixtures considerably richer in cement. While 
such practice would probably result in an imraediate impermeable oonorete, 
it is believed by many that the advantage is only temporary, as richer 
concretes are more subject to check cracking and are leas constant in volume 
under changes of conditions of temperature, moisture, etc. Therefore, the 
use of more cement in mass concrete would cause increased cracking, unless 
some means of controlling the expansion and contraction be discovered. 
With reinforced concretes the objection is not so great, as the tendency to 
cracking is more or less counteracted by the reinforcement." 

The low-level intercepting sewer at Baltimore was waterproofed by 
the membrane method and bituminous material was generally used 
in making the joints of the sanitary sewers leading to it, in order 
to reduce the rate of infiltration of the ground-water into the system. 
All the sewage collected by this intercepter must be pumped, as ex¬ 
plained in Volume I, and it was decided that the additional cost 
of waterproofing sewers laid in very wet ground was justified by the 
probable reduction in the pumpage resulting from it. The average bid 
price on 8-in. sewers with bituminous joints was about 5 cents per foot 
above that for cement joints. The intercepter was below the level of 
mean low tide for 12,035 ft. and was generally within 100 to 300 ft. of 
the harbor. The bottom of the trench was in water-bearing graveL 
No leakage test of the entire intercepter was ever nuide, but on a 
3600-ft. section from 74 to 84 in. in diameter, the infiltration was 
practically nil, according to Chief Eng. Calvin W. Hendrick. The 
general method of waterproofing the sewer was as follows; 

After the concrete for the invert and sides had set and become dry, it 
was covered up to the springing line of the arch with a coating of hot 
pitch, the contractor being permitted to use coal-tu' pitch, refined 
natural asphalt, or asphalt made from petroleum. On tlus pitch a 
layer of burlap was laid at once and pressed into it firmly, so as to insure 
a good bond. The burlap was required to weigh 10 os. per square 
yard, or Siastex waterproofing fabric weighing 12 lb. per 100 sq. ft. 
could be used in place of it. This layer of buriap was covered with hot 
pitch, another layer of buriap laid, and anotbw coating of hot pftsit 
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applied. The brick lining was laid on tlii-s membrane. In constructing 
the arch, a single ring of brickwork was first laid, its back was water¬ 
proofed as described for the invert, and the e.oncretc backing placed. 
Jiurlap was left projecting from the walls to overlap tliat of the arch, so 
as to keep the entire membrane integral. 

WORK JOINTS 

Concrete contracts during setting and also expands and contracts 
with temperature and moisture changes. In thin walls this property 
tends toward the formation of cracks about every 30 ft. If, however, 
longitudinal reinforcement is u.sed, these cracks may be prevented, or 
rather so distributed through the length of the wall as to be invisible. 
In .some ennerete structures it is cu.stornary to leave joints at specified 
intervals which will oiien, thus iircventing the formation of haphazard 



I'm 132 —Types of joint.s in sewers 

Xiitf —In Um (iprond f<irm of joint, tbo midfact* or lonDfitudiiial aurfarn of iho /<nnt, bfl- 
tw4H’n tho t«a circulur or iranavorap tturfuroa, should be incUm'd about 1 to I2, RtvinK a 
slightly iMUiirnl shape to this part of the joint, in order to prevoiU any iigury to tlie ron- 
erein in aithdraniiig the forms. Tho lap should bo loss than the thu-knusM of the half 
aei'tion 

cracks. In structures carrying liquids under pressure the.se joints should 
be made water-tight. In sewerage work, however, the location of joints 
is not governed so much by considerations of expansion and contraction 
as by the exigencies of the work which necessitate the formation of 
joints at the end of each day’s run. As for the matter of permeability, 
it is generally not attempted to make these joints in sewers absolutely 
water-tight, as is sometimes done in the ca.se of water conduits oper¬ 
ating under internal pressure or subways subject to external hydro¬ 
static pressure. Reasonable precautions should be taken, however, to pre¬ 
vent infiltration and such measures as tlic adoption of effective methods 
of construction and the securing of high-grade workmanship are justified. 

Cracks and leaks are likely to develop at the planes where old and new 
concrete arc joined, due to the weakness of the bond, and special pre¬ 
cautions are required at these places. Where the invert and arch are 
built scjlarately, it is customary on the completion of concreting the 
invert, to ram into the green concrete slightly beveled strips of timber 
from 3 to 6 in. wide, depending upon the width of the joint, which on 
removal leave grooves. These pieces should be braced down to prevent 
them from floating. Where the joint plane is of considerable width two 
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parallel grooves may be thus formed. It is necessary to have such 
timbers beveled smooth and well lubricated, so that they may be re¬ 
moved without injuring the partially set concrete. 

The vertical joints may be similarly formed, by fastening pieces of 
wood to the bulkhead placed at the end of the section. In some cases it 
may be desirable to fa.stcn these pieces lightly to the bulkhead, by 
bolts or nails driven in from the outsi<le, so that the bulkhead may l)e 
removed first, and the groove formers later. Otherwise, if both are 
moved at one ojieration, portions of the eonertde may be broken off. 
When arch, side walls and inverts are constructed a<‘parately, the end of 
the day’s run, or the joints, shouhl lie brought to the same vertical 
plane, othenvi.se one of the joints may ojwn and a crack form op[)Osite 
it all the way around the .sewer. 

A scarf joint may be formed by building up the end of the sewer 
forms so as to make an inset or rabliet when the form is n-moved, con¬ 
crete Iwing forced into the space left whim the next section is placed. 
On the aqueduct con.structed by the Hoard of Water Supply of the 
City of New York, where great precautions were taken to provide 
water-tight work, kiy lilocks were first laid at specified intervals and 
coated with cold water paint, to pri'vent adhesion when contraction or 
expansion of the invert took place. Such elaborate precautions are, 
however, hardly justified in ordinary sewer work. Fig, 131 shows the 
joint in a large Louisville sewer, and Fig. l.'i'2 gives three types of joints. 

Care must be taken to have the surface of the old concrete clean and 
rough and wetted, before placing the fresh concrete on it. A thin layer 
of rich mortar jilaced on the old surface just lieforc concreting is started 
wilt also aid in forming a Ixinil to the old work. This is most commonly 
accomplished by thoroughly washing with a stream of water under 
pressure and brushing with wire brushes. Sometimes the surface of 
the old concrete is roughed by iiicking or pointing and under excep¬ 
tional conditions the surface of the concrete may be roughened, eaten or 
etched by the use of dilute muriatic acid. Needless to say, acid must be 
thoroughly washed off before any additional concrete is laid. Fresh 
concrete may be scratchisl and scored with a sharp tool to roughen it, 
and should lie covered with Ixiards to prevent dirt and d6bris from the 
street or sides of the trench from falling into it. In constructing 
sewers in San P'rancisco high winds carried great quantities of dust mto 
the trench, which could not be removed from the fresh concrete by the 
U.SC of water and brooms in the usual way. Various expedients were 
tried and finally fire hose attached to a nearby hydrant, operated under 
full pressure, was successful in cleaning off the dirt. 

. PLACIMG COIfCMTE nr FREEZING WEATHER 

Natural cement concrete may be ruined by freezing before it has set, 
but experiments indicate that Portland cement concrete of good quality, 
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which has been frozen, will ultimately obtain full strength if oppor¬ 
tunity is given it to set after thawing and before attempting to remove 
the forms. It does not set any, however, while frozen, so that no struc¬ 
ture of frozen concrete should be loaded nor should forms and supports 
be removed until the material has liad an opportunity to thaw and set. 
For tliis reason it is impracticable to build sewers in cold weather unless 
precautions arc taken to prevent freezing and to allow the concrete to 
set so that backfilling may be placed within a rea.sonable time. 

At Louisville, Ky., no concreting was allowed at temperatures below 
24° F., all materials had to be heated when the temperature was between 
24° and 32° and oidy water wa.s required to be heated when the 
temperature was between 32° and 35°. 




Plan, 

Flu. 133,—Device for heating concrete materials. 


Concrete made of heated materials, placed quickly in forms, covered 
with boards and tarpaulin or straw, will set satisfactorily when the 
temperature is a number of degrees below freezing. Where steam is 
available, materials may lie heated by circulating the steam through 
coils of pipe over and around which sand and stone may be placed, 
the exhaust being discharged into water barrels to heat the water. 
Or the sand and stone may be warmed by ordinary steel heaters. A 
heater of this type (Fag. Neum, March 19, 1903) with an attached 
provision for warming the water, is shown in Fig. 133. 

The placing of concrete in freezing weather is obviously more ex- 
pensive'lnd uncertain than in wanner weather. Frozen dirt has much 
the same appearance as set concrete, making it difficult to discriminate 
in its removal. Even if the materials are kept from freezing, conmete 
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gains strength only slowly in cool weather and it is necessary to keep the 
forms in place considerably longer than in wann weatlier. 

Various expedients arc resorted to for the purpose of preventing the 
freesing of concrete. One of the common methods is to add salt to 
the mixing water, which lowers its freezing point. Experiments have 
indicated that an amount of salt eiiual to 5 or 10 per cent, of the weight 
of the water used for mixing, or approximately 13 lb. of salt to a barrel 
of cement, does not lower the ultimate strength of the concrete, although 
the time of setting is increased and the strength fur short periods is 
decreased. Taylor and Thompson, “Concrete, Plain and Reinforced,” 
recommend 2 lb. of salt per bag of cement, or 8 lb. jier barrel. Concrete 
thus formed will set where the temperature is several degrees below 
the freezing point. 

RATE OF PROGRESS 

The rate of progress is usually governed by the rate of excavation, the 
number of forms available, the {icrmissiblc length of open trench, and 
other factors, rather tluin by the rapidity with which concrete can be 
mixed and placed. Kor instance, if it lie required to keep centers in 
place for 3 days, forms for 4 days’ work must be provided if con¬ 
crete is to be placed each day. Unless the total length of sewer to 
be built is considerable, the cost of providing suflicient forms to allow 
rapid daily progress may not be justified. Similarly, when! the sewer is 
built in several operations, invert, side walls and arch separately, the 
concreting must be carried on in the same section of trench for up¬ 
ward of a week. If a high rate of daily progress is desired a very long 
and possibly prohibitive opening of the trench may be necessary. In 
such cases it will often prove more practicable to ojien the trench at two 
or more points than to attempt a high rate of progress at one opening. 

In the construction of a 3-ft. sewer at Louisville, in one operation (see 
Chapter XV, “Forms and Centers”), 94 ft. 6 in. of inside forms, and 
48 ft. of outside forms were found to be serviceable for about 1500 ft., 
and cost tl80.S4. These allowed a progress of about 48 ft. per day. 
As tbe sewer was only 1500 ft. long, a greater number of forms would 
liave resulted in a waste of material and the discarding of forms liefore 
they were used up. 

.Sewers 36 in. in diameter have been built at rates of 100 to 130 ft. per 
day. Under average conditions, however, the rate of progress is more 
likely to be from 25 to 50 ft. per day. In the case of large sewers the 
rate at which concrete can be mixed and placed is a factor of more 
importance, although even upon such work the rate of progress usually 
depends more upon the rate of excavation than on concreting. At 
Louisville, Section B of the Southern Outfall (15 ft. 2 in. by 15 ft. 6 in.) 
required 2.99 cu. yd. of concrete per foot and 33 ft. required approxi- 
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mately 100 cu. yd. of coiicretc, uii amount wliich might be difficult to mix 
and place in 1 day in congested quarters or where there were transpor¬ 
tation difficulties. Such large sewers are constructed in several opera¬ 
tions, the invert, side walla and arches being constructed separately and 
involving delays in preparing for the different portions. The usual 
progress on large sewers may be from 20 to 30 ft. per day. If, however, 
rainy days, delays owing to inefficient organization and other lost time 
are included, or if the average progress is computed upon the length of 
time from the beginning of the work until its completion, the daily 
progress may Ire much le.ss tlian that shown by the above figures. 

COST OF SEWERS 

The cost of building concrete sewers varies greatly, being largely 
do[)endent upon the size of the structure and local conditions. The 
following e.stimate of cost is given merely as an illustration of the 
method of computation and to give a rough idea of cost of such 


i 



Intemoi Diomtter of Sewer inFcaT. 

Fi(i —Cost per foot of internal diameter of 1 lin. ft. of sewer. 


work. The sewer is tkssuinod to bo 48 in. in diameter. Xliidor these 
circumstances the following may be obtained: !• men, including foremen, 
will mix and place about 12 cu. yd. of concrete per 10-hour day; 12 yd. of 
1:2:4 concrete will contain (sei' Table 59) 1H.S5 bbl. of cement, 5.28 
cu. yd. sand and 10.00 cu. yd. stone. The cost of this concrete in place 


will be about as follows: 

I.al>t>r, H (layii at t2 00 $10 00 

Labor. 1 day at $3 00 3 00 

Cempnt, IH liU'i bid at ll .W) 33 03 

Saud. .*1 2M ru yd at $1 00 5 2H 

8u>m', 10 Oft cu yd. at $1.00 10 OC 

^uriua (mci. tnuYinc) 12 00 

80 27 

Organiaation. Utola. wat«r. etc , IS per cent. 12 04 


$92.31 

Includiof cootractor'a profit, ny $8.75 per oubio yard 
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If reinforcement is used the cost will be cnhsnoed to the extent of 3 
or 4 cents per pound of steel or from $1.50 to 12 per cubic yard in addi-- 
tion. On large work the cost of forms is less per cubic yard of concrete, 
as is aliso the cost of placing. At Uuisvillc, Ky., the prices for con¬ 
crete on 60 contracts for sewers ranging in sise from 15 ft. 2 in. by 15 
ft. 6 in. to 24 in. were from $0 to $12 per cubic yard. 

In the consideration of large projects it is often desirable to obtain an 
estimate of a general character as to the cost of long lines or a general 
system of sewers. In Fig. l.'l l arc plotttd the costs of sewers at various 
places in dollars per foot of diameter. No distinction is made be 
tween concrete and brick and many of the examples are aom|HM(sl of 
brick with concrete foundations. The Louisville figures refer, however, 
to concrete and reinforced concrete only, while many of the Chicago ex¬ 
amples are of brick. 



CHAPTER XV 


PROFILES, TEMPUTES, FORMS AND CENTERS 

Forms of some kind arc needed in constructing masonry sewers 
whether built of brick, stone, molded blocks or monolithic concrete. 
The invert must be laid accurately to line and grade and must have the 
correct shape, and the arch must be sustained from within until the key 
is in place and the mortar or concrete has set. The centering required to 
support the arch is usually made up in sections composed of one, two 
or more longitudinal parts and each length of 8 or 10 ft. is called a 
'‘center.” “Profiles” arc thin strips of wood the shape of the sewer, 
provided with nails so spaced that linra tightly drawn from one of them 
tosiinilarly spaced nails in another profile or driven into the joints of a 
completed section of the sewer will give the required lines to which the 
brick should be laid. Profiles are used for laying brick, stone or block 
inverts. When sewers are built of concrete, molds are required to hold 
the semi-fluid mass in correct position until it has set, so that the 
structure may have the desired shape and thickness. Among such 
forms may be mentioned centers, outside jackets and aide wall molds, 
which are collectively as well as individually called “forms.” “Tem¬ 
plates” are thin strips used as guides in laying brick or stone masonry 
or for shaping and scrceding concrete. 

Forms may be made of wood, of wood covered with sheet metal, 
entirely of metal or of metal and wood, e.g , centers with steel ribs 
covered with wooden lagging, or wooden ril)S covered with sheet 
metal. 

It is very important that sewers be built true to the shapes and sizes 
called for in the design, and for reasons given in detail in Volume I 
it is neccssaiy that the inner surfaces be as smooth as possible. To ac¬ 
complish these results, care should be taken in laying out the forms to 
use the correct dimensions, and tlie forms should be so constructed as 
to be strong enough to withstand all operations incidental to placing the 
masonrj' of which the sewer is to be built and to assure a smooth finish 
on the inner surface of the sewer. 

CENTERS AND PROFILES FOR BRICK, STONE AND BLOCK 
SEWERS 

When sewers are to be constructed of brick, stone or molded blocks, 
profiles are used to aid the masons in laying the bnck of the invert to 
396 



PHOFILES, TEMPLATES, FORMS AND CENTERS 397 


correct grade and line. A profile should be made as light as possible and 
at the same time strong and rigid enough to alirays hold its true shape. 
As shocrn in Fig. 135, nails arc driven in the profile, properly spaced for 
the several courses. The mason lays the brick or blocks to a cord tightly 
stretched from nails driven in the joints of the work beliind to the nails 
in the profile ahead, corresponding to the same courses. Upon large 
work and a’here skilled masons are employed, two or sometimes three 
or more courses of brick may be laid to one stretching of the lino. This 
is especially true upon relatively flat inverts, as those of horseshoo- 
eha))cd sewers. I’rofiles should extend high enough to enable the mason 
to carry the invert one or two courses al>ovc the springing line to allow 
room for the centers to fall after l>eing “struck.'’ Two profiles are 
usually spaced 16 ft. apart when a new invert is begun, and thereafter 
on(! profile only is used 

and it is generally _t 

placed aljout 16 ft. 
ahead of the finished 
work, a longer spueing 
l)oing unwise la'cause of 
the danger that the line 
may sag between the 
nails. 

The dimensions and 





method of constructing I'lo 135.—Profile for 36-in. brick sower, 
a profile suitable for use 

in building a two-iing brick sewer 36 in. in diameter, are shown in Fig. 
135. iSuch a profile should Iw made preferably of clear soft stock, such 
as while pine, planed on both sides and of uniform thickness. Provision 
should lie made for the mortar joint between the outer and inner rings 
and the nails should be so spaced as to allow for joints of proper thick¬ 
ness between courses. It is generally well to send the profile from the 
shop without having the line nails driven, so that the mason may space 
them to conform to the tliickness of the brick actually Ixung used. The 
profile represented in Fig. 135 is designed for brick 4 in. in width and 2 
in. in thickness. 

A profile may be secured in place by two vertical boards nailed to its 
sides and to a trench brace or other support above, and should be 
accurately set to line and grade and carefully leveled before any 
brick arc laid. 

Arch forms or centers, generally built of wood, are usually 8 or 10 ft. 
in length. It is common practice to build them in one piece, although 
some prefer to have them in two or more segments to facilitate handling, 
especially inside the completed sewer. They arc set on chairs or legs 
and can be adjusted to the proper height by means of wedges. After 
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the arch has been completed and the forms have been in place the 
required length of time, the centers arc struck by loosening the wedges. 
It will be found convenient to have enough centers for a full day’s 
work, the length required varying greatly, but commonly ranging from 
24 to 48 ft. Arches turned one day may generally have centering 
removed the next morning; in fact, centers are sometimes struck with¬ 
out apparent injury to the work as soon ns the masonry is completed 
and backfilled to a dej)th of 1 or 2 ft. above the crown. Centers are 
usually set as soon as the inverts are completed. 

The size of the lagging and thickness and spacing of the ribs are 
governed by the size of the sewer. Centers should be made as light 
as lOTssible to make t hem easy to handle, but they must be strong and 
rigid enough to receive and support the masonry without deformation. 



When sewer.s are constructed in tunnel, block centers are more con¬ 
venient than full centers, although the latter may be used if very short, 
say 3 or 4 ft. in length. A block center is shown in detail in Fig. 136, and 
derives its name from the key block. The two large segments are first 
s(t in iwsition and through the space at the top between them the brick 
and mortar arc i)assed to the masons, after which, as the work progresses, 
the short key blocks are placed and the arch is completed. 

WOODEN FORMS FOR CONCRETE SEWERS 

Forma and centers for concrete sewers differ from those required for 
brick, stone or block sewers in that they should have smooth surfaces 
and be^ractically water-tight. In selecting the Ij-pe to be used and 
the material of which it is to lie built, the chief considerations are light¬ 
ness and economy, as substantially the same character of workmanship 
can be secured with the several types and materials provided the forms 
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arc properly built and niaiiitaincd. The first coat, cost of handling, I'.r.,. 
placing, striking or collai>sing, and pulling ahead, and cost of upkeep, are 
some of the essentials governing the selection. 

Of the three types of forma in general use at the present tmte—wooden 
forms, wooden forms coveied with metal, and steel foma—it is not 
possible to state arbitrarily which is the most economical to use as this 
depends largely upon local conditions. The design of forna wliich can 
be economically and conveniently emeted, struck and moved ahead un¬ 
der the \ arj'ing conditioia encountered in the coiat ruction of sewers, 
esirecially in dee|> trenches, has taxed the ingenuity of many cxjrcrienced 
sewer builders. 

The life of wooden fonns is com()aralively short. In many instances 
after being used eight or ten times they have to lie practically rebuilt, 
although many times the ribs cun be used again, the lugging only being 
renewed. When new and nicely built, woesjen forms give a smooth and 
satafactory finish, but after rei>cated use, palcliing and repatching, 
they become so rough that the interior surface of the concrete is likely 
to 1)0 rough and unsatisfuetory. 

The diversity of tyjjcs of fonia used upon this class of work is illus¬ 
trated by a numlH'r of drawings of forms used ujM)n the construction of 
the new sioverage sy.stein in Louisville, HK)7- Itlli, with whieh work one 
of the authors was intimately associated ns cotisulting engineer, 3. B. F. 
Breed having been the chief engineer. 

Forms for Sewer 10 ft 7 in. by 10 ft 1-1/2 in.—Fig. 137 gives the 
principal diiiiensions of the forms us<‘d by the Ferro Concrete Con¬ 
struction Co. of Cmeinnati, in the construction of a horseshot'-shaped 
sewer 10 ft. 7 in. by 10 ft. 1-1 /2 in., at Louisville, Ky., KKM). 

This sewer was built in four ojx'rations. The invert concrete was 
placed first, then the brick paving laid, after whieh the side wall concrete 
was poured, and after this liad set the concrete of the arch was placed. 
Usually invert concrete jilneed on one day had set sufficiently so that the 
brick lining could be laid the following day. The laying of the brick 
usually consumed a full day, the side wall forms were placed in [KMiition 
and the concrete jioured the following day, and the forms allowed to 
remain 2 days for the setting of the concrete, afte-r which the centers 
were set and the arch concrete poured and usually completed the same 
day. The centers were left in place 4 days to provide for the setting 
of the concrete. In this way 3t! ft. of the sewer were built in 6 days, or 
an average of 6 ft. per day. 

The concrete of the invert was laid continuously from the end of the 
old work to a bulkhead placed 36 ft. ahead and was roughly screeded to 
overhead wooden templets. Before begitming the pouring of the con¬ 
crete, bench wall forma were so placed on each side and supported from 
the trench bracing that the concrete of the sidewall could be poured to a 






























PSOFILBS, TBUPLATES, FORMS ASD CENTERS 401 


height of about 2-1 /2 in. above the invert line, thua forming a projeotioq 
against which the side wall forms could be braced. After the concrete 
of the invert and bench walls tiad set, the bench wall forms were removed 
and the brick invert laid. The side wall forms were then placed directly 
upon the brick invert and braced into position against the bench wall 
concrete, and securely stayed against the trench sheeting. After the 
side wall concrete had act, the upiter portions of the side wall forms. A, 
Fig. 137, was removed and the centers so set that they projected below 
the side walls almut 6 in. The centers were wedged and supported from 
the lower jHtrtioiis of the sidewall forms. 

The centers were made in two pieces cut through the crown and were 
fastened together cither by allow’ing the rilss to project and muling 
through them or by placing headers across the ribs and fastening the 
two abutting headers together. (See I'ig. 139.) 

The concrete of the invert and side wails was carried to the sheeting, 
which was left in the trench. The outside jackets were in sections 12 ft. 
long and 3 ft. 6 in. wide, and ])luccd as shown on Fig. 137. 

The forms were built throughout of yellow pine lumber, the side 
wall forms and centers being laggiKl with tongued and grooved flooring. 
The outside forms or jackets were lagged with square-edged boards. 

Fonns for Sewer 13 Ft. 6 In. by 18 Ft. 8 In.—The forms used in 1908 
by The Weber Co., of C3iicngo, in the construction of a reinforced con¬ 
crete sewer 13 ft. ti in. by 13 ft. 3 in. in laiuisville, Ky., are shown in 
Fig. 13S. This sewer was built in three ojierations, the invert including 
the liench wall being first placerl and screeded to templates, then the side 
walls were [mured, and finally the arch concrete was planed. 

This sewer was built in sections 20 ft. in length at first, but later the 
length of sections was increased to 50 ft. The invert, concrete was placed 
and finished in a single day. The side wall forms were placed and the 
side walls built during the second day, the side wail forms being kept in 
place 2 days after the concrete had been poured, to provide for the 
setting of the concrete, after which the centers were placed and the con¬ 
crete of the arch poured in a single day. It thus required 5 days to 
complete the construction of a section from 20 to 50 ft. in length. The 
oentere were in general allowed to remain in place 7 days to afford 
time for the setting of the concrete, although during the warm portion of 
the year this time was somewhat reduced. 

The invert was placed continuously from the end of the completed 
work to the end of the section under construction, a bulkhead being 
provided at this point to hold the concrete in position. This bulkhead, 
with key strip and notches to provide for projecting longitudinal steel 
reinforcing bars, is shown in Fig. 138. 

Bench wall forms, constructed as shown in Fig. 138, were placed in 
position and securely fastened before the concrete of the invert waa 
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Fio. 138.—Details of wooden forms for horseshoe sewer* Tx)ui*ville, Ky. 
















l i(i 1H9 —Wooden centers for larjiie concrete sewers. Is)ui.sville, Kv 



Fio. 140.—Outside forms or jackets covering fresh concrete, Louisville, Ky. 

iFaetng page 402i 
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placed. Usually the concrete on the sides of the invert was mixed - 
somewhat drier than that in the center so that the weoght of the bench 
wall concrete did not force the invert concrete out of position. In some 
cases, however, the invert concrete was first placed the entire length of 
the section, after which the bench wall concrete was placed, the time 
interv'ening being sufficient to provide for the partial setting of the invert 
concrete. After the concrete of the bench walls had set, the bench wall 
forms were removed and the side wall forms placed in position and braced 
against the completed bench walls. 

After the concrete of the side wall had set, the ril» for the centers were 
placed in position and supported on the side wall forms. These ribs 
were made up in full sections, as shown by the drawing, and were carried 
forward without difficulty through the completed sewer under the 
centering in place. After the ribs had been plactsi in jKwition the panels 
of lagging, which wore about 2-1 /2 ft. in width, wore placed ujion the 
ribs and nailed to them sufScicntly to hold them in place. There wore 
seven of these panels for each complete center 10 ft. in length. 

In some places ujion this work the trench was so wide that to have 
entirely filled the space between the side widl forms and the trench 
sheeting would have retiuired a large unneciissary quantity of concrete. 
At such places 2 X 4-in. strips were driven into the ground, braced 
against the sheeting and sheathed on the side next the sewer with 3/4-in. 
boards, thus providing an outside form to hold the concrete in its proper 
place and restrict its dimensions in conformity with the requirements. 
Above the top of the side wall, outside jackets were used for this purpose. 
These jackets. Fig. 1.38, were in sections alamt 3 ft. wide and 10 ft. long 
and were placed in position us the concrete of the arch was brought up 
around the centers. Similar jackets arc shown in Fig. 140. 

In this instance, as is usually the case, the jackets or outside forms did 
not come clear to the top of the arch, as the slo |)0 near the top was so 
slight that there was no difficulty in holding the concrete in proper posi¬ 
tion without forms. While this is common and good practice, care 
should be taken to avoid the placing of an unnecessary surplus of oon- 
crete along the top of the sewer, which may be caused by leaving the 
opening between the jackets too wide, and by tack of care in rounding 
off the concrete. 

MXTAL-COVEKKD WOODER FORMS FOR COIfCRXTB SEWXRS 

A sheet metal covering over wooden forme assures to the concrete • 
smooth finish and also prolongs tfm life of the forms. It is difficult to 
make the metal fit perfectly over the forms, and sometimes it is so 
thin and fits so loosely that it gives to the finished concrete surface • 
wavy appearance. Where the metal is of suitable thkkness, No. 18 
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■or No. 20 gage (0.05 in. or 0.0375 in. in thickness, 2 lb. or 1.5 lb. 
per square foot), well stretched and thoroughly fastened, this uneven¬ 
ness is not usually sufficient to constitute a serious defect. 

The finish obtained by using metal-covered forms is scarcely better 
than that obtained at first by the use of well-made wooden forms, but 
after the latter have been used several times the lagging becomes frayed 
and broken, after which the concrete surfaces are likely to be rough and 
have a finish much inferior to that obtained with metal-covered forms. 

The difference between the first cost of wooden forms and wooden 
forms covered with metal is due principally to the extra cost of the metal, 
the labor required for attaching it not being much greater than that 
required to dress and perfect the surface of the wooden forms, which cost 
is saved if the forms arc covered. The cost of handling metal-covered 
forms is about the same as that of handling wooden forms, while the cost 
of upkeep is generally much lc.ss, as the wear upon the wooden lagging, 
which necessitates its early renewal, is avoided. There appears on the 
whole to be little difference between the ultimate cost of the wooden and 
the metal-covered fonns, although if the sewer to be constructed is long 
enough to require the use of the forms more than eight or ten times it is 
likely that the metal-co\ cred fonns will prove somewhat less expensive. 
Even with this type of forms, continued use generally results in more or 
less breakage or deformation, necessitating repairs. Where the sewer 
is very long and the work is prosecuted progressively from one end to the 
other, requiring the use of the forms many times, it is probable that 
steel forms will lx; found to give more satisfactory results at less cost than 
wooden or metal-coveretl forma. On the other hand, it is believed, 
at least by some practical sewer builders, that wooden forms are much 
more economical than steel forms for short sewers, say sections up to 
1000 ft. in length. 

Forms for Sewer 12 Ft by 12 Ft—The forms used in the construction 
of a 12 X 12-ft. semi-elliptical reinforced concrete* sewer at Louisville, 
Ky., by C. T. McCracken & Co., Columbus, Ohio, 1909, arc illustrated 
in Fig. 141. It was first intended to build this sewer in three operations— 
invert, side walls and arch—and the forms were built with that method 
in prospect. It was later decided to build the invert and bench walls to 
the height shown on the drawing in one operation, after which the arch 
was to be poured. The supplementary bench wall form. A, Fig. 141, 
was therefore provided, but, as the lower portion of the arch form, B, 
had already been constructed, it was used throughout the work although 
had the ^ginal intention been to pour the concrete in two operations, 
this portion of the form would not have extended more than 2 to 4 in. 
below the top of the bench wall. 

The bench wall forms with the angle iron templates attached were 
first placed in correct position as to line and grade, the forms being hung 
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T'k-.* -1 # j . Vertical Section C-C. 

tlQ. 14I.<-l>eftaiifi of wooden forms covered with sheet iron for semi-elUptienl sewer, Louisville, Ky. 
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•from the trench hracce above I)y means of chains and tumbuckles and 
braced from the sheeting. The concrete was laid continuously, and as 
there were no bulkheads used, except at the end of the day’s work, 
upon which the longitudinal reinforcing bars could be supported, these 
bars were placed ujion small concrete blocks molded and placed in 
proper po.sition upon the ground. The transverse bars for the side 
walls were held in place by notched scantlings, to wliich they were 
wired, which were removed before the concrete was poured to the 
height of them. The notches shown in the invert bulkhead. Fig. 
141, were cut to allow the longitudinal rods to pass through the bulk¬ 
head reciuired at the end of tin) day's work. As fast as the invert 
concrete was ))lace(l, screeded and floated, the angle iron templates 
were removed and when this concrete had set hard enough to prevent 
its being forced out of place by fluid concrete placed upon it, the 
bench walls were poured. 

After the invert and bench wall concrete had set, the forms W'ere 
removed, the lowest two trench braces were taken out and the arch 
forms were set in proper |)osition. The.se fonns were carried down to and 
suptmrted by blocking resting upon the finished invert. The areh forms 
were in three pieces a.s shown in Fig. 141. The bolt holc.s in the braces, 
used to hold the lower portions of the arch forms in correct jiosition, and 
the holes in the end ribs of the.se forms, were slotted so that the forma 
could Ih> readily adjusted to slight irregularities in the concrete bench 
wall against which they were placed. 

The braces holding the bench wall forms in place were attached to 
them by bolts, so that they could be easily removed and the forms and 
braces carried ahead. The centers were dropped by knocking out the 
wedges between the bottom supporting timbers and the invert. The top 
braces were then taken oil the lower portions of the centers, and the 
latter placed on a car, after which the top jiiece was lowered to the car 
and the whole piushed ahead under the centers still in place supporting 
fresh concrete. 

The outside forma were in panels of convenient size for handling, and 
were placed in jmsition from time to time ns the concrete was carried up 
around the centers. They were supported temporarily by wooden struts 
or spreaders, wedged against the centers, which struts were taken out 
before the concrete reached them, and by braces driven against the 
sheeting, the latter remaining until after the concrete had set. 

The forms were lagged with 7/8-in. tongued-and-grooved flooring 4 
in. wide.^ The l)cnch wall forms and lower portions of the centers were 
covered with No. 18 sheet iron, and the upper portion of the centers 
with stove pipe iron. 

The sewer was built in sections 48 ft. long. The invert and bench 
walls were poured in a single day, and the bench wall forms were allowed 
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to remain in place 2 days after the concrete had been placed. The 
arch forms wore set and the concrete poured on the next day. Thus a' 
single section of sewer, 48 ft. in length, was built in 4 days, making the 
average progress 12 ft. per day. The arch forms, l)efore being struck, 
were allowed to remain in place 5 days after the concrete had been 
placed. 

STEEL FORMS FOR CONCRETE SEWERS 

There ore several ty|x>s of patented str-el forms which usually are ob¬ 
tained on a rental basis, generally at a price fixed per foot of foniis 
rented. In estimating the cost of using such fonns, it should l>e Iwrnc 
in mind tliat the lessee is re(|uired to pay the cost of unloading and load¬ 
ing the fontis and hauling them from the ears to the work and from the 
work back to the cars at the end of the job. 

The finish of concrete poured against good steel forms is usually ex¬ 
cellent, although at times, esjs'cially in cold weather, there is a tendency 
towanl “iK'eling," which is more prevalent than when wooden forma 
are used. This ‘TH'eling,” which is the udhe.sion of a thin layer of the 
concrete to the center when the hitter is removeil, may 1 k' causr'd in 
some iiLstances by the cooling of the concrete next to the steel forms to 
such an extent us to pn-vent its siUting witliin the length of time the 
forms arc allowed to remain in place. 

horms for sewers from 24 to (10 in. in diameter, to tie constructed 
cither in one or two o|K“rations, may often lie obtuineil from stock, but 
fonns for larger sewers are constructed upon orders in most cases. Most 
metal forms come m sections 5 ft. in length, corresiKiriding to the width 
of a single steel jilatc, although when in use the smaller forms are 
fastened together in trains by means of eyes and wooden wedges. 
When moving invert fonns, the wedges are knocked out and the indi¬ 
vidual sections are carried forward and reset. The arch fonns are moved 
in trains about .K) ft. long on rollers. Where s|)ecial large forms are 
used, the individual sections are Isilted together in trains varying in 
length, but usually about 20 ft. long, and arc curried forward on 
carriages. 

Steel fonns have iHaui extensively made by the Blaw Steel Construc¬ 
tion Co., of Pittsburg, Pa., and others. While some of these forms have 
been patented, engineers and contractors also build metal forms after 
their own designs. 

Some of the smaller steel forms have a certain amount of adjustability, 
amounting to from 3 to ’> in. in the diameter, .so tliat, for example, a 
48-in. lialf-round form may be used for buihling Imth a sewer 48 in. 
and one 4.5 in. in diameter. This is accomplished by rotating turn- 
buckled, thus making the forms larger or smaller as desired for the work 
in hand. 
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An example of the use of steel forms in building 2000 ft. of sewer mey 
be helpful in estimating the cost of steel forms. In this case ISO ft. 
of half-round forms arc assumed to have been used. The arch forms 
were required to remain in place 48 hours and the custom was to remove 
the invert forms in 24 homs so that SO ft. of forms were used for invert, 
which was placed each day, and 100 ft. of forms for arch, which was 
placed once in two days. The charge for 150 ft. of forms 36 in. in 
diameter, based upon the quotations given in Table 70, would be $225 
f.o.b. cars in the city in which the work was to be done, equivalent to a 
cost of 11-1/4 cents per foot for the 2000 ft. of sewer constructed. 

If the length of sewer to be built had been but 1000 ft., the cost given 
in the foregoing illustration would be increased to 22-1/2 cents per foot. 



Arch Forini in Flact. Arch forme RcteaseS. 

Fro. 142.—Steel invert and arch forms. 


provided 150 ft. of forma were leased. 'WTrere the length of sewer to 
be built is less than 1000 ft. manufacturers state that from 60 to 100 ft. 
of forms are generally used with a corresponding decrease in their total 
cost. If, on the other hand, a longer sewer is to be built, and the desired 
rate of progress is such that the length of forms used need not be more 
than 160 or 200 ft., the cost for forms per linear foot of sewer may be 
greatly radueed. In such cases, the lengths of forms required will de¬ 
pend upon the required rate of progress and the length of trench which 
may be kept open ahead of the placing of the concrete. 

If a given piece of work requires the construction of two sewera, 




Fid U.'< — Itclcasing half-round lllaw mvurt forma preparatory to moving 
them ahead 



Flo. 144.—Tram of small steel forms after bemg rolled ahead. 
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Fiu. 14C.—Full ruimd Ulaw form with tie rods, angle iron stiffeners and 
U lugs. 
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differing but about 3 in., as for ewunple, a 33-in. and a 36-in. 

sewer, set of forms is usually provided, the difference in sue’ 

being o^lMd by an adjustment of the tumbuckles. Such forms fw 
invert wid arch are shown in Fig. 142, in position to receive concrete 
and after being released and ready to be moved forward. The tie rod 
and tumbuckle, by means of which the centers are extended and drawn 
in, are also shown, as well as the rollers by means of which the centers 
are moved by rolling them along stringers supported upon cross braces. 

Fig. 143 shows a number of sections of 72-in. half-round Blaw forms 
in a trench, just released after being used for invert construction. 

Fig. 144 shows a train of Blaw forms fastened together and after 
being moved forward on rollers. If centers are to Iw moved in this way 
they can only be moved after the concrete has set, which limits the 
frequency of placing concrete to the period during which the centers 
must be left in place. If, therefore, the train of centers is limited to 
50 ft., and the centers are required to be left in place 4 days, the 
average progress of the arch cannot exceed 10 ft. per day. Greater 
progress will require the use of a greater length of centers, which should 
be broken up into train lengths of about 50 ft., for economical handling, 
one train after another being moved ahead. 

When half round steel forms arc used for building invert, they are 
usually hung from the trench timbers by chains spaced every 6 or 8 ft. 
By having small tumbuckles in these hangers, the forma can be adjusted 
to the proper grade in a very short time. After the fomis are in place, 
they should be braced at the sides to prevent any sway, and also a vor¬ 
tical brace should be placed at every other section to prevent the forms 
from rising while the concrete is being placed. After the invert forms 
have been in place the required time, they arc cither turned over and 
used for the arch, or are pulled ahead and used for another invert. 
On the Louisville sewers, where the arch forms were required to be in 
place 4 days and the invert forais 2 days, usually 100 ft. of arch 
forms and 50 ft. of invert forms were used. Aft«r the invert forms have 
been removed, timbers are placed across the invert at intervals of 6 or 
8 ft., on which arc laid longitudinal timbers. These are used to support 
the centers and ns rails on which to roll the arch forms ahead as in Fig. 
145. By means of a windlass and block and tackle, six men can putt - 
ahead 100 ft. of arch forms in trains of 50 ft. and place them ready for 
concrete in about 3 hours. 

When the small semicircular forms used for building inverts are moved 
they are generally dragged along the completed invert, without the tiae 
of rollers. The manner of assembling small steel forms is well illustrated 
by Fig. 146, which shows the angle irons to which the tie nxb are at¬ 
tached,'the tie rtxls and tumbuckles, and the tags provided for fastmiing 
together the adjacent sections. This figure also shows the maimer of 
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.coiwtructing a complete cylindrical form. Tho angle irons placed on 
either side of the upper half arc slotted so that they will lit down over 
U lugs in the hottom half. After tho upper and lower halves are brought 
together in this manner, wedges are driven through the U lugs, thus 
holding the two parts securely in place. The turnbuckles are then taken 
up to bring the form to the correct dimensions. 

Forms for Sewer 16 Ft. 6 In. by 16 Ft 2 In.—The details of the con¬ 
struction of steel forms used by (lhas. F. Fitch, of Louisville, Ky., 
subcontractor for masonry upon the construction of Section B of the 
Southern Outfall in Ijouisvillc, Ky., 190i), arc shown in Fig. 147. 

This sewer was built in three operations, invert, side walls and arch. 
The invert and bench wall concrete was usually placed in a single day. 
Tho following day the side wall forms were placed and the concrete 
)X)ured, after which the side wall forms wore reciuired to be left in place 
2 days. The arch forms were then placed and the concrete poured, 
which was usually done in a single day, after which the centers were 
r«iuired to be left in place 7 days before being removed. The 
minimum length of time re(|uired for the com|)letion of a section of this 
sewer, which varied in length from 30 to (iO ft., was, therefore, .5 days 
or an average progress of from li to 12 ft. i)er day. Greater progress 
was in fact made by working at several openings, which is common 
practice upon work of this size. It was usual upon this work, as 
upon the construction of moat of the other large sewers in Louisville, 
to lay tho invert as coon a.s the tretich was excavated to grade, and 
it frecjuently happened that st'veral sections of invert and sometimes 
more than a single section of side walls were placed before the later 
operations were begun. 

The forma u.sed upon this section are shown in Fig. 147. The bench 
wall forms were similar to those u.s<‘d upon other work and were con¬ 
structed of wood. The side wall forms were constructed of steel and 
were removisl Indore the centers were idaced. The centers at first 
used were built of steel and were not collapsible. They were braced 
by means of struts, as shown in the drawing, and moved forward in 
trains about 20 ft. in length. Later it was deemed advisable to rebuild 
the centers and make them collapsible. This was done by cutting the 
channels and plates at the crown and inserting hinges; at the same time 
the channeU were reinforced with the stiffeners shown in the drawing, 
after which the diagonal and upi>er horizontal struts were not used. 
After remodeling in this way, the forms were moved ahead by lowering 
them, drawing them in and carrying them forward under centers in 
place. 

Forms for Sewer 14 Ft. by 13 Ft 8 In.—The forms used in the con¬ 
struction of a rcinforced-concretc sewer 14 ft. by 13 ft. b in. in size, in 
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Louisville, 1909, by the American Engineering & Construction Co., of 
Chicago, Ill., are shown in detail in Fig. 148. 

This sewer was built in three operations, the invert and bench walls 
l)cing first poured, then the side walls and finally the arch. The placing 
and finishing of the concrete of the invert and bench walls usually con¬ 
sumed one day. The succeeding day the side wall forms were placed 
and the concrete was poured. These forms were required to be left in 
))lacc 2 days after the concrete had been poured, after which the cen¬ 
ters were placed and the arch concrete poured in a single day. The cen¬ 
ters were required to be left in place 5 days after the pouring of the 
concrete. The length of time required to complete a section of sewer, 
which was usually about 25 ft. in length, was, therefore, 5 days, 
giving an average rate of progress of 5 ft. per day. 

The bulkheads, bench wall forms and outside arch forms were con¬ 
structed of wood. The side wall forms and the centers were constructed 
of steel. The centers were hinged at the crown so that they could be 
drawn in and moved forward through other centers in place sustaining 
fresh concrete. The bottom struts were removed from the centers after 
the concrete had been poured, so that the centers from behind could be 
moved forward on carriages, as shown in F'ig. 148. 

These carriages were equipped with jacks. Fig. 149, which could be 
fastened to the form ribs. After the centers had been moved to the 
proper location the jacks were extended until the forms were brought 
to the correct line and grade. Upon some of the Louisville work, the 
cars with attached jacks were removed after the centers had been se¬ 
curely braced to hold them in position. In other cases the centers 
were allowed to remain supported by and attached to the jacks 
while the concrete was being poured and until it had acquired sufficient 
strength to permit the removal of the centers. 

Forms without Internal Bracing.—In some cases forms have been used 
which required no internal bracing for their support, being so rigid as to 
be self-supporting. Such forms were used upon a 13-1 /2 X 14-ft. horse¬ 
shoe shaped sewer built in Louisville, Ky., 1909, and are illustrated by 
Fig. 160. 

Use of Steel Forms in Ttmneling.—Common practice in lining tunnels 
with concrete is to use rings made of angle or channel iron, which are 
carried in and set up in place before the lagging is adjusted. The con¬ 
crete is then, or may previously have been, placed in the invert. As it 
is brought up on the sides, strips of lagging, either of wood or of steel, 
are placed against the rings, thus giving access at all times to the concrete 
for tanyjiing purposes. When it is necessary to close the arch at the 
crown, the concrete is shoveled in from the end ring and thoroughly 
rammed. To make this practicable it is necessary to have the rings 
placed fairly close together and to use short lagging. The steel rings or 




Flo. I4S.—StedI forms for horseshoe sewer, JLooisrtlle, Kr. 
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ribs and the ribs with JagginR in place, are illustrated by Figs. 151 and 
152, prepared from photographs taken of 76-in. tunnel centering used 
upon work for the Metropolitan Water Board, Boston, Mass., by James 
Hanrcddy, Chicago, Ill., contractor. For these photographs and several 
others used in this chapter the authors are indebted to the Blaw Steel 
Construction Co., of Pittsburg, which has made a specialty of collapsible 
steel forms. 

FORMS FOR SEWERS BUILT OF CONCRETE AND 
BRICK OR BLOCKS 

Many combinations of concrete and brick, stone, blocks or other ma¬ 
terials have been used in sewer construction to meet various conditions. 
Sewers have been built with concrete inverts and brick arches, brick 
inverts and concrete arches, and both concrete and brick in both invert 
and arch. The most common combination is the concrete invert with 
brick, stone or block lining and concrete arch. Forms for sewers built 
of brick and concrete are similar to those used for like purposes for sewers 
built entirely of cither one of these materials. When the invert is lined 
with brick, allowance must be made in building the forms for the con¬ 
crete work, for the thickness of the brick and of the joint, which is usually 
about 1/2 in. thick, between the brick and the concrete. If allowance 
for this joint is neglected, it means either the cutting out of some of the 
concrete or the chijiping of the brick in order that they may be laid 
to the correct line and grade. 

BUILDING CONCRETE SEWERS IN ONE OR MORE 
OPERATIONS 

Where concrete sewers are built in two or more operations there is 
likely to be more or less trouble in securing good joints between the hori¬ 
zontal sections and there is usually some finishing required because of 
rough concrete due to the failure of the centers to fit exactly the concrete 
of the invert. It lias therefore been found advantageous in the con¬ 
struction of a number of small sewers to pour the concrete of both invert 
and arch at one operation, thus reducing to a minimum the cost of chip¬ 
ping, patching and finishing the inner concrete surface. This has been 
successfully done in Louisville, Ky., upon sewers ranging from 2 to 4 ft. 
in diameter, but it is doubtful if it will prove practicable to build much 
larger sewers by this method. 

OniBmall sewers where the quantity of concrete per linear foot is only 
a small fraction of a cubic yard, the cost of preparation for mixing and 
pouring concrete, such as {dacing mixing boards, hoppers, and chutes, 
which is a considerable item, is the same whether half or the whole of the 




Fig. Ill)—Movmj; collapsed lilaw rontrrs on traveler thnnigh other 
<'enlors in pl:u‘e 



Fig. 150.—Interior of 14-foot Blaw centers without inner support or braces. 
• (Fann^f page 414) 
















Fio. 152.—Steel ribs supporting lagging and conerete tunnel lining. 
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sewer is built at one time, altheu^ in the latter case the quantity oi con* 
Crete placed is nearly double the quantity handled in the former. The 
cost of preparation per cubic yard, therefore, is only about half as much 
where the work is all done at one time. 

By completing the sewer in one operation the length of open trench 
required is somewhat shorter than if the invert is first laid and allowed to 
set before the arch is poured. 

It has also been found somewhat chea|>er to handle the full round 
forms than the half round forms. The costs of erecting, striking, and 
moving forms upon five sewers of about 1000 ft. length each arc given in 
Table 60. 


Table 66.—Cost or Ehkctino, .Sthikino, and MovinoFoll Hoond and 
Halt Round Forms, Per Linear Foot or Hewer Built 


Typt* of forron 

1 3(1 IR 

42 III i 

4H III. 1 

M IB. 

Pull round wooden forms . 

,.. 1 $0 4.') : 

«) 43 1 

to 45 1 


Half round steel forms. ... 

. '. .. 

(» 70 ; 


to. 79 


It appears that the cost of handling the full round forms was only 
about 60 i)cr cent, as much as the cost of handling the half round forms, 
assuming the cost of handling wood and steel forms to be the same, which 
seems to be a reasonable assumption for forms of these sises. 

When full round forms arc u.sed, they arc generally sup|Hjrted on con¬ 
crete blocks. These blocks arc made iiliout 14 in. long, the length lieing 
taken at right angles to the line of the sewer, the up|ier surface conform¬ 
ing to the inside curvature of the sewer. The depth of the block must 
not Iwless than the najuired thickness of the concrete of the sewer invert, 
and it has been found that better results can usually lie obtained if it 
is an inch or two greater. The width of the block parallel to the axis 
of the sewer is about K in., thus allowing sufficient licaring fur the forms. 
After the liottom of the trench has ticen properly graded, the blocks are 
set carefully to line and grade, and the fonns arc then placed upon them 
and arc securely braced at the sides and top to prcvcni any uiovenient 
while the concrete U lieing placed. Especial care should be taken to 
brace the forms down, as otherwise they may Soat upon the fluid con- 
orete and be thrown out of aligimient. 

Full Koand Wooden Fonns for Building Concrete Sewers at One 
Operation. —Figs. 153, 154 and 155 fllustrate the wooden forms de¬ 
signed and successfully used in 1911 by F. C. Williams, Division 
Engineer, Commissioners of Sewerage, Louisville, Ky., for the construc¬ 
tion ol a sewer 3 ft. in diameder and about 3000 ft. in length, lliit type 
of form has been used by him in the construction of several other sewers 
and has always proved economical and satisfactory in all respects. 
Fig. 153 shows the cylindrical fonns and the outside jackets in {dace. 

27 
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The sketch also indicates how these forms can be used for building the 
sewer in two operations, if for any reason that method of procedure b 
desirable, the concrete of the invert being shown as completed for a 
portion of the distance, and the bulkhead being shown in place to re¬ 
tain the fluid concrete of the arch. 



Isometric. View. 

Fm. 153. Wooden forms for building circular sewer in one or two opera¬ 
tions, Louisville, Ky. 

The inner forms are built in sections 7 ft. 10-1 /2 in. long, each section 
consisting of four panels, shown in detailsG, H and 7, Kg. 155. A skele¬ 
ton support consisting of rings held together by two stringers, one at the 
top and one at the bottom, is first placed in position in the trench. The 
panels are placed upon and attached to this skeleton support as shown in 
Fig. 154. 
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When the concrete has acquired a sufficient degree of hardness, the 
top and bottom stnngers holding the skeleton ribs in place are removed ' 
thus aUomng the nbs and panels to be coUapsod and carried out through 
other forms supporting fresh concrete. It wiU be noticed that there is no 
internal bracing required by these forms, so that the space inside the 
Skeleton nbe is entirely free and there is no obstruction to interfere with 
carr>'ing forms through them. 

For the construction of a sawcr 1100 ft. in length, 04 ft. 6 in. of inside 
forms and 48 ft. of outside forms were provided. The dimensions. 



Cr9»» Section 

Flu. 154.—Full round wooden forms, Louisville, Ky. 


quantity of lumlicr and nuiiiber of sawed, curved pieces required, the coat 
of lumber and millwork and labor entering into the building of these 
forms, are given in 1 able 67. All curved pieces were purchased cut to 
template at a local mill so that the waste and profit are included in the 
unit prices. 

The total cost of the forms was $180.84, the inside forms costing $1.72 
and the outside forms 38 cents per linear foot. The toUl cost of build- 
mg these forms was 16.4 cents per linear foot of sewer constructed. 

This sewer required 0.22 cu. yd. of concrete per linear foot, upon whidi 
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.basis the first cost of forms was 74.5 cents per cubic yard of concrete. 
The forms were in such good comlition at the end of the work that they 
were used for the construction of another sewer 700 ft. in length, making 
a total of 1800 ft. of sewer constructed with these forms. Upon this 
basis the coat of forms was 10 cents per foot of sewer built with them, or 
45.5 cents per cubic yard of concrete. The forms at the end of the work 
were in such condition that they could be no longer used. In general, it 
is found that such forms can be used for the construction of only about 
1500 ft. of sewer. 


Table U7.— .VerrAL Cost of Full Round Forms Requibed for 
Concrete Sewer .Ui-iN in Diameter, Lodisvtlle, Kv., 1911 


Narix* i>{ pHTc 


N'lifiiltcr rimI 
(llllH-nHIIltlH of 


co«tof/;7‘ 

.. I lumber “ : Total i , , f 

I ml C(«t , „ ereotiiiK. foot of 

— • rout [ 


and iiiiil 
work 


flttlllR, 

ete 


Coat per 
oot of 
forms 


('ircb*H f«»r Kkub'ioti 

U4 111. X23JU. 





fortiiM 

72 -1 in X 24J m 






144 -tJt» Xl2i in 

$0 or> 

tI8 00 

tir. 70 

t33 70 to 3506 

ranplh-'ribsi. 

iri X 23J in 

0 OS 

1S» 20 



IttltRIIIR 

l»bO' fl If M 3i 

I21> piT M 

27 M 

.'ll .'10 

OS 54 ] 042S 


Ml «lib- (tOllRlK' 






Ilnl IIM'I in U \t ) 




1 

StrinRcrn 

12- -2 in > 4 m 




\ 


ITi fl --<1 m 

to 24 

2 MS 

1 30 

4 16| 0 0442 

Anjtb' iroDH 

lH-i\ 111 X 1 in 

' 



i 


y :«m y, r. m 

0 IT) 



21 f)0 0 22S6 

HoltR 

114—1 

tl 20 JMT ‘ 



1.20. 0 0127 



RriHW , 



1 

8rrt*wi 

2SN--1 m 

to 4S por ' 



0 90. 0.0102 



gruM 




NaiU 





2 3o| 0 0243 


1 



Tt.tal 

tl02 4 n| 31 7194 


Oiilnllli* furiiis 




Panels—ri>»a, 

tlO -2 m X 31 in 

to 10 1 

6 00 




2SK It B M 1 in 

V20. pet M 

5 7ft 

ft 00 

IS 36» 0 3S25 


X 4 in 




-- 



i 

(■rand total 

tlHO K4 

• FbKinnir—toiiirvifd ami grtM»v«Hl 3; 

III fliKiring 

wan MiiiK'tinioa uwhI when narrower 


irt4)ok euulil riitt be obtained altbouRh in atriits ore loo wide for a 30 in. aower 
* For 48 ft. 

ATolf.— There were 94 ft. 6 in. of inside and 48 ft. of outside forms built 
in accordance with Figs. 153, 154 and 155. 


Whfii full round wooden forms are used, they should be thoroughly 
water-soaked liefore In-iug placed in the trench, otherwise the water 
in the concrete wilt eausc them to swell and crack the sewer the 
whole length of the run. Those cracks usually appear on each side 
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of the arch near the top of the outside jacket. When they were first- 
noticed at LouisviUe, it was thouglit that the key strip that is always 
plac^ along the top of the forms after they are erected, was too tight, 
but It was afterward proved that the lagging itself had swelled about 
1/ 16 m., thus causing the fracture in the concrete. Wooden form8,espe- 
cially when new, should be protected from the sun, otherwise they will 
dry out, causing the joints to ojM-n so that when the concrete is poured 
the thin mortar will run into and through them giving to the concrete a 



Fig. I. 

Plan of Panel). 


Oetciils of Panels. 

Till t55 —Details ol lull round lorms, Luuisr Ule, Ky. 


rough surface wliich must be cliipped, pointed and smoothed, involving 
much expense and producing results which are not as satisfactory as 
those produced by tiglit forms. After being used once or twice the 
forms give no further trouble on account of swelling. After the forms 
have been struck they should be thoroughly cleaned and oiled before 
being used again. 
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Two-itage Operations.—It is usually necessary to construct sewers 
and drains havinf; flat bottoms in at least two operations, because of 
difiiculty encountered in getting the required smooth finish on the invert, 
if the concrete for both invert and arch is poured at one time. 

In Louisville a 12 ft. X 12-ft. semi-elliptical sewer. Fig. 141, was very 
successfully built in two operations. The invert and side walls, 26 in. 
high, were run first, the concrete extending back to the sheeting thus 
avoiding the use of outside forms. The lowest set of trench timbers, 
which came 4 in. above these walls, was removed 48 hours later, the 
concrete thereafter serving to brace the sheeting. Four days after the 
arch was poured the centers were collapsed and moved ahead, through 
other forms in place, and set up ready for another run. 

When a sewer is so large that it cannot be built in two operations 
Inscause the trench braces cannot be removed without endangering the 
stability of the banks, the structure must be built in three or more opera¬ 
tions, t.e., invert, side walls and arch. This is also true where the design 
of the sewer requires the construction of walls which arc straight or 
nearly straight, as in horse-shoe shaped sewers, and it may also apply to 
reinforced concrete sewers where it is necessary to place certain portions 
of the steel from time to time as the concrete is placed. Occasionally 
large sections arc built in one operation, as was the case on the 17-ft. 
Kcnsico aqueduct of the Catskill system of the New York water works 
(sec Eng. Record, May 3, 1913). 

SPECIAL FORMS 

Forms for Manholes.—It is entirely practicable to build satisfactory 
manholes of concrete, although in many cases it is probably cheaper and 
more convenient to build them of brick. Fig. 156 shows the forms 
necessary for constructing a concrete manhole upon a sewer 13 ft. 6 in. 
in diameter. These forms provide for a manhole on the side of the 
sewer, which is the best location on large sewers. The manhole is 4 ft. 
in internal diameter at its base, and 2 ft. 2 in. at its top (an unusually 
large manhole). The lower portion is cylindrical and can be carried up 
to any desired height so that the same conical forms can be used for 
pouring manholes of different depths. These forms are collapsible, it 
being necessary only to remove the cleats holding the rib segments 
together when the lagged segments can be taken out, the strips of lagging 
over the joints not being rigidly nailed to the ribs. 

Fig. ly shows the forms necessary for building a concrete base for a 
brick manhole on a concrete sewer 36 in. in diameter. The section 
in that illustration shows the inside manhole form in place, attached to 
the sewer forms, after pouring both the concrete of the sewer and the 
concrete of the manhole base. 
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Of btsitlc rbnmfbrBaMorM^mhote, 

Fiq. 156.—Forma for concrete maaho)e, LouisviUe, Ky. 






























Fio. 158.—Wooden junction form for 5-(t. and 3-ft. connecting aewcra. 
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Forms for Curres and Junctions.—WTiere concrete is used for the con¬ 
struction of sewers it is probable that in many cases the special struc¬ 
tures can be built more cheaply of brick, as much less form work will 
be necessary. It is practicable to build such structures of concrete, 
however, if found to be economical. Fig. 158 shows the inside forms 
used for the construction of a junction between two sewers, 5 and 3 ft. 
in sire, respectively, the sewer below the junction being 5ft. indiameter. 
Fig. 159 gives the dimensions of the forms required for this junction. 
As in most cases such forms can be used but once, they may be built 
in a less permanent and durable manner than forms which are to be used 
over and over. If can: is used in laying out the ribs and in lagging them, 
a satisfactory finish and curvature may be obtained. It will be found 
that thin strips of lagging, from 1 /2 to 3 /4 in. in thickness, will be 
amply strong for the smaller .sizes, say up to 8 ft. in diameter, and the 
curves can be made much more satisfactorily than with thicker lagging. 
In many cases, especially where the trenches are deep, it may be found 
desirable to put the ribs together and erect and lag them in the trench, 
as it will be found difficult, if not impossible, to lower forms already 
lagged and in large pieces into the trench on account of the large number 
of braces across it. 

KIKD AND QUALITY OF LUMBER FOR WOODEN FORMS 

In an article entitled “Inspection of Forms and Centering” (Eng. 
and Cout., vol. xxxvii, p. 201) Jerome Cochran gives many valuable 
suggestions pertaining to the making and use of foims for concrete 
construction. Many of these suggestions are applicable to forms u.sed 
for the construction of concrete sewers. With reference to the kind 
of lumber to be used he states: 

"The kind of lumber to be used for forms depends upon the desired results 
and pric<‘. White pme, yellow pine, spruce, Oregon pine and redwood are 
suitable for forms. Yellow pine lumber is found to be excellent for forms; 
owing to the large amount of pitch contained, it absorbs water slowly and 
holds itsshape. Norway pine and fir lumber are also suitable forformsfora 
similar reason. ..... For ordinary work, however, even for panels, 
white pine is generally apt to be too expensive, and other lumber should be 
substituted for it. Hemlock is unreliable and should be used only when 
absolutely necessary and then only in the roughest kind of work. Oak is 
hanl to nail, expensive and imprints grain marks on the concrete even when 
the form is thoroughly wetted. 

". . . . The lumber must not Im so dry that when soaked by the 
concrete insill Hwell HO as t4) bulK<* distort the forms, nor so green that it 
will shrink so as to leave op4‘n joints that will show plainly on the face of 
the work. A alight tendency of this kind, however, may be checked by 
keeping the boards thoroughly w'et with water until the (x>ncrete ia plaoed. 
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KiluKlried lumber, therefore, is not suitAhle for form construction because 
of its tendency to swell when soaked by the conorele, and green lumber is 
undesirable on account of liability to check and warp. Partly seasoned 
lumber is therefore the best. hen it comes to a choice between green and 
dry lumber, green lumber is preferable because it is less affected by the 
water in the concrete. 

“ . . . . The form boards used on all exposed surfaces should be of 
dressed lumber and closely fitted in order to secure the best results in appear¬ 
ance and surface finish of the work. The lumber for face work should be 
surfaced on one side and two edges and dressed on the face aide to even 
thickness, and may be tongue-and-groove fiooring or similar lagging. 
Tongue-and-groove boards, however, are more expensive than boards sur¬ 
faced on one side and on the edges, which will generally answer for most 
work. A principal objection to the use of tongue-and-groove lagging is 
that there is no opportunity for it to expand, and, again, the planks are 
particularly hard to place a second time. 

“For backing and other rough work undressed lumber may bo used. 
Undressed lumber should be used where the concrete is to be plastered. In 
other words, forms for non-exposed surfaces may be rough lumber but should 
be water-tight.” 

COST OF WOODEN FORMS 

There are a large number of varied elements which enter into the cost 
of the forms required for building concrete sewers, among which may 
bo mentioned the rate of progress and the resulting length of forma 
required to complete the work in the prescribed time, the length of period 
which must elapse after concrete is poured and before forms may be 
struck, the amount of special form work which can be used but once, 
such as forms for junction chambers and curves, and the length and 
number of different sizes of sewers to be built under a given contract. 


Table 68.—Cost or Labor and Materials Required for Bdildino 
Wooden Centers at Worcester 


Site 

No. of center* 

Cml pi'T foot of winter 

24 in. 

6 

to. 226 

28 in. 

6 

0.347 

27 X 40 in. 

4 

0.473 

48 in. 

5 

0.718 

60 in. 

8 

0 768 

69 in. 

12 

0 948 


The cost of building centers suitable either for brickwork or for con¬ 
crete sewers in Worcester, Mass., from 1902 to 1905, varying from 24 
to 69 in. in diameter, is given in Table 68. 

The cost of wooden forms varying in size from 36 in. in diameter to 
6 ft. by 9 ft. 10 in., are given in Table 69. These costs are merely 
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given for illuHtrative purposes and should not be used without care¬ 
ful checking against local conditions, for in addition to diversity in 
cost of labor and materials in different parts of the country, difference 
in prices may result from a variation in the length of sewer to be built 
with a given set of forms and the quantity of concrete per linear foot 
of sewer, if the sewer is of massive construction, requiring a large 
<iuanlity of concrete per linear fool, the cost of forms per cubic yard of 
concrete will be relatively low, w hereas if the sewer is of thin section, the 
cost per cubic yard of concrete for forms will be relatively high. 

In building the sewer at Kalainaz(K), Mieh., item 4, the invert was formed 
by means of temph^ts, to whu^h the concrete was sereeded. After the 
concrete had set, the areh forms were placed and the remainder of the con¬ 
crete poured. 

The South Ih'iid sewer, item f), was built by placing vortical lagging along 
the sides in line witli the outside lines of the sewer, carrying it as high as 
the springing line (»f th(‘ arch. Invert templets equal in length to about 
one-third of the circle were set to hiu* and grade and spaced 3 ft. apart. 
The invert was then eompleti'd to a point about 18 in. above the grade line. 
Side forms for the invert were then set, extending up to the spring line. 
After these: forms were filled, the centers, made in two pieces, were set, to¬ 
gether with jackets or oulside forms, extending up on either side about 45 
deg. from the springing line. 

The sewer built in Wuterlmry, Conn., item 0, had vertical side walls and 
was formed by first laying ilown tlie invert and then placing forms upon it. 
The centers w'ore composed of two sections, the first, 20 in. Ingh, formed the 
side walls, and was rectangular m soclum. The center rested on top of this 
and outside forms were placed reaching about 45 deg. from the springing 
line. 

At Worcester, the s(‘wers w'cre built by setting “formers,” or ribs, to line 
and grade. The I'oncrete forming the bottom of the invert w'as then roughly 
placed and 2-in. planks, shajanl to conform to the curvature of the ribs and 
the st'wer, were placed hetwetm the concrete and the under side of the ribs. 
After the bottom concrete was placed, thest* planks were brought up on the 
side, as fast os the concrete was poured. After the invert built in this man¬ 
ner had set sufficiently, centers were placed and the concrete of the arch 
poured, the concrete being held in position on the outside by “arch formers” 
similar to those used in forming the invert. 

The water works conduit at Newark, N. J., item 11, was budt in one opera¬ 
tion. The forms were open at the bottom for about one-sixth of the circle, 
and this portion of the invert was shaped and screeded by hand. The out¬ 
side forms eonsisted of steel angles, bent to the shape of the conduit and 
held at the bottom by stakes driven in the ground. The tops of these angles 
were held |t>gether by 1/2-in. tie rods. These angles bad small lugs bolted 
onto them at mter\'al8, which held 2-in. plank, slipped down as the concrete 
progressed. 

It may be said, in a general way, that wooden forms required for 
building small concrete sewers, from 24 in. to 6 ft. in diameter, w’ill 
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usually cost from 75 cents to $2.50 per cubic yard of concrete, and 
from 25 cents to $1.00 per linear foot of sewer. 

COST OF STEEL FORMS 

As in the case of wooden forms, the cost of steel forms varies greatly 
with local conditions, among which may be mentioned as particularly 
important the length of sewer which is to be built with a given set 
of forms and the type of forms to be used, whether standard or special. 

In all parts of the United States east of the Mississippi River standard 
prices can be secured for standard apparatus, by which is meant forms for 
circular sewers of relatively small sizes. If the sewers are of large size 
or special design re<iuiring the construction of forms for the particular 
work in hand, the prices may considerably exceed those quoted for 
standard forms. 

To assist in making preliminary estimates of cost, prices of centers 
from 20 to 72 in. in diameter, which may be assumed to approximate the 
prices which can l>e obtained from manufacturers for centers to te used 
cast of the Mississippi River, are given in Table 70. These prices should 
be used with caution as quotations may varj' materially from time 
to time. 


TaBLK 70.—.tPPIlOXIMATB RENTAL PhU'ES OF PATENT SeMICTBCOLAH 
Steel Forms 20 to 72 In. in Diameter 


Siif 

Price per linear foot of form 

20 in to .'iO in. 

*1 00 

36 m. to 4H jn. 

1 .50 

61 in. to 60 in. 

2.00 

63 in. to 66 in. 

2 50 

72 in. to 84 in. 

4 00 


Hole .—The prices given cover the use of centers for a period of 9 months 
and include all freight charges so that the only additional expense to the 
contractor is that involved m unloading, hauling between the cars and the 
work and reloading the forms when the work is Bnished. Fur points 
west of the Mississippi freight rates from the eastern shipping points 
must be added to standard prices. 

Most manufacturers usually send erecting foremen to superintend 
first erection and to instruct the user in the economical handling of the 
forms. In some cases where this is impracticable an additional charge 
is made if the user desires the assistance of an expert. 

CLKAira^ FORMS PREPARATORY TO POURING CONCRETE 

Forms should not only be made sufficiently strong to carry the loads 
imposed upon them, but they should be so made as to assure to the eon- 
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Crete a suitable surface. The inside surface of a sewer should be as 
smooth as it is practicable to obtain, and for this purpose the forms should 
be made smooth and water-tight. The outside surfaces need not be 
smooth, and therefore the forms may be made of rough lumber and need 
not be water-tight, although they should not allow any material quantity 
of water to run away from the mass of concrete. 

The requirements of the contracts under which the Louisville sewers 
were built, from 1908 to 1911, stipulated that the forms must be so con¬ 
structed as to insure a true and very smooth interior surface on the 
finished concrete, that the designs for the forms should be submitted 
to the engineer for approval before they were built, that care should 
be taken to prevent shavings, sawdust and other wastes resulting from 
the making of forms and centers from becoming embedded in the con¬ 
crete, that forms should be thoroughly cleaned of cement and dirt and so 
prepared, or covered, that they might be readily removed, leaving the 
concrete with a smooth, presentable surface, and that they should be 
Bubftantially water-tight. 

Just before and after setting centers and forms such as those for side 
walla in order to complete a structure already partly built, particular 
care should be taken to clean the concrete surfaces upon which fresh 
concrete is to be placed. Sticks, chips, shavings, oil and dirt of all kinds 
accumulate on such surfaces during the placing of the forms. Sand, 
clay or other substances may fall from the banks or from hoisting and 
conveying apparatus, or it may be washed into the trench in times of 
storm. Concrete surfaces, particularly where reinforcement is used, are 
often hard to get at, shaded so as to be difficult to see, and in many 
ways hard to clean and inspect. Nevertheless they must be scrupu¬ 
lously cleaned if a good bond is to be secured. The authors have found 
sand pockets several inches long and thick and deep enough to permit 
running the hand several inches into the concrete at the junction of 
the side wall and arch. Under such conditions, it matters little upon 
what theories the design of the sewer is based. 

LUBRICATION OF FORMS 

There is a tendency for concrete to adhere to the forms and for a 
thin layer of it to break away from the structure, thus causing more 
or less roughness of the surface. To obviate this defect as far as pos¬ 
sible, all the surfaces of forms which come in contact with concrete 
should be well oiled before the concrete is placed. Paraffine od wm 
generally used upon the work done in Louisville, Ky., and gave satis¬ 
factory results, especially with wooden forms. 

During the cold winter months, whisn there is a tendency toward 
"peeUng” where steel forms are used, it may prove desirable to use 
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heavier oil, which will reduce this trouble. The use of such oil, however, 
is somewhat unsatisfactory as it adheres to the surface of the concrete 
after the forms are removed, making work inside the sewer dirty and 
disagreeable. Many different kinds of oil were used, with varying 
degrees of success, but it was found that the best results were obtained 
with cup grease where it was necessary to use a heavy lubricant. 

On the Metropolitan Sewer System in Boston, where wooden forms 
covered with galvanized iron have been extciuiivcly employed, kerosene 
or coal oil has been used with satisfactorj- results. 

Soap is sometimes used for lubricating forms, and is particularly useful 
in smoothing up forms for junction chambers and other special struc¬ 
tures, where there are numerous angles and corners. Soft soap is well 
adapted for ordinary lubrication, and hard soap may be used to advan¬ 
tage in filling small spaces and irregularities in the forms. 

Cochran suggests the use of petrolatum cut down with three parts of 
hot kerosene, for the ordinary oiling of forms. He also suggests that 
where forms arc to be used repeatedly it may prove advantageous to oil 
them when new with three coats of boiled linseed oil, and where forms 
are for surfaces that are to be whitewashed, grouted, or plastered, a treat¬ 
ment with boiled nmjt a])plied hot may be preferable to treatment with 
oil or gren.se, as the soap will prevent adhe.sion of the concrete to the 
forms and will not injure the surface or diminish the strength of the 
concrete (Eiiff. an/I C/int., vol. xxxvii, p. 201). 

LENGTH OF TIME FORMS SHOULD BE LEFT IN PLACE 

There is some difference of opinion among engineers and practical 
sewer builders as to the length of time forms should be left in place. 
This period depends upon temperature, humidity, the setting time of the 
cement, the size and character of the structure and the load to be placed 
upon it. During hot summer weather concrete ordinarily sets rapidly, 
and a period of from 24 to 36 hours will in most cases be sufficient for 
invert and side wall forms and 48 hours for arch forms. The time 
required for the concrete to acquire sufficient strength to permit the 
removal of the forms with safety will be shorter in summer than in winter 
when the concrete sets much more slowly. Centers should, of course, 
never be removed while the concrete is frozen. Forms used for large 
sewers and other similar structures should remain in place a greater 
length of time than forms for small sewers under similar conditions. In 
all cases and at all seasons of the year the trench should be backfilled 
to a height somewhat above the top of the sewer, probably 2 ft., before 
the arch forms arc struck. This filling should be placed in relatively 
thin layers, uniformly on both sides of the arch, and thoroughly tamped. 

The contracts under which the Louisnlle sewers were constructed 
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specified that the centers should not be struck until the backfilling had 
been completed to the height of a horizontal plane 2 ft. above the top of 
the completed masonry, and that the centers should never be struck 
without the consent of the engineer upon the work. The length of time 
the centers were required to be left in place was varied according to the 
size of the sewer in question. For the larger sewers, ranging from 10 to 
15.5 ft. in diameter, it was stipulated that the centers should remain in 
place 7 days. Upon smaller work, this time was reduced, the minimum 
for sewers from 2 to 6 ft. in diameter being 4 days. As a result of the 
Louisville experience, it is felt by the engineers upon this work that the 
length of time the centers were required to be kept in place might have 
been somewhat reduced under most conditions, without danger of injury 
to the concrete. 

The side wall forms, which were used only upon the larger work, were 
required to be left in place until the concrete had acquired a hard set, 
which was usually from 24 to 48 hours after it liad been poured. 

In rc.sponsc to an inquiry regarding the practice of the Board of Water 
Supply of the City of New York in removing forms used in the construc¬ 
tion of the cut-and-cover aqueduct, Alfred D. Flinn, Dcp. Chief Eng. 
states: 

“The specifications stipulate; 

“Directions as to the time of removing forms shall he strictly followed 
anti this work shall be done with great care so as to avoid injury to the con¬ 
crete.” 

In general, directions were not given,thccontractor8notl)cingrequired 
but allowed to remove forms, the average minimum time being after 
24 hours during hot and favorable weather to 72 hours at the end of the 
season. Exceptions to this occurred, however, particularly in the case 
of slow-hardening and sticky cement, 72 hours being the average mini¬ 
mum time. This time for removing forms permitted desired prog- 
re.ss with a minimum number of forms and made the work of finishing, 
where required, easier.” 

In December, 1908, Albert C. Lehman, Manager of the Blaw Steel 
Construction Co., of Pittsburg, Pa., published {Eng, Record, vol. 
Iviii, p. 664) the opinions of engineers upon the length of time that 
centering should be left in place in concrete sewers. In giving their 
views, the engineers were requested to leave out of consideration differ¬ 
ences in cement, the percentage of reinforcement and the depth of bwk- 
filling, that the replies might be as nearly comparable as possible. Sixty 
replies were received, the results of which appear in Table 71. 

In Chicago, on a heavy concrete sewer 8-1/2 ft. in diameter, backfilling 
was permitted in 24 to 38 hours after placing concrete. Forms were re¬ 
moved in from 2 to 4 days. In Baltimore, centers 12 ft. 3 in. in diameter 
were removed in 48 hours, and earlier on some occasions. 
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Tabi^ 71.—Opinion* op Enoineehs as to Neoesbahy Peuod of Time 

BETWEEN PoOBINO OF CoNCBETE AND STBIKINO OF CENTERS UPON 
Seweb Construction 


Diameter of aewer 



Period of time in houre 

Max. 

Min 


2 to 5 ft. 

96 

12 

90 per cent, of reports in 36 hours 

6 to 9 ft 

96 

24 

60 per cent, of reports in 48 hours 

30 per cent, of reports in 72 hours 

10 to 12 ft.. 

144 

48 

90 per cent, of reports in 72 hours 

16 to 20 ft .. 

240 

L—- 

48 

60 per cent, of reports in 72 houra 

30 per cent, of reports in 96 hours 


HANDLING FORMS 

Wooden forms are usually made to collapse in sections 8 or 10 ft. in 
length. There is so little room for a man to work in sewers 30 in. or 
lees in diameter that it has been found cheaper to remove the forms from 
the rear rather than try to take them ahead through other forms in 
place. A low flat ear about 8 ft. in length and 12 in. in width, with a 
rope attached to each end, can readily be drawn back and forth as fast 
as the forms can be loaded and unloaded. This is quicker, cheaper, 
and keeps the forms in better condition than trying to drag them out, one 
on top of the other, as is often done. In flat bottom sewers, 5 ft. in 
diameter or larger, the forms may be carried out on cars run on tempo¬ 
rary tracks. 

When steel centering is used, special carriages or travelers, Fig. 160, 
are usually designed for carrying them ahead, as already described. 
These carriages may be provided with vertical jacks and collapsing side 
arms which arc attached to the sides of the sections for pulling them in 
and away from the concrete. In operating the carriage for moving the 
forms, the vertical jacks are first run up until the yoke end of the jack 
engages the top hinge rod, the side arms then being swung into position 
and fastened to flanges near the springing line of the centers. The side 
arms are then drawn in and the vertical jacks lowered until the forms 
have assumed a position which will permit them to pass through the 
sections that are in place ahead. 

The cost of handling forms in trench is a substantial portion of the 
cost of the masonry, a fact which should be borne clearly in mind when 
the forms are being designed, as the type of forms may have a very 
important influence upon this item of cost. The cost of handling {arm, 
includiim erection, taking down, cleaning, and moving forward, varies 
greatly, out upon relatively small work, such as sewers from 2 to 6 ft. 
in duuBeter, it may be estimated at from S0.50 to SI per foot of sewer. 
Further data upon this subject al« given in Table 69 and the accompany¬ 
ing text. 
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COKTRACTS, SPECIFICATIONS AND DRAWIH08 

The coogtruction of extensive municipal works is generally carried 
on by contract in order that the operations may be conducted by men 
who, it is assumed, are specialists in directing workmen and using 
machinery so as to accomplish the desired ends with a minimum ex¬ 
pense. It is also usually assumed that there is not enough municipal 
work going on regularly to keep a large force of city workmen employed 
in an efficient way, and it is quite generally held that politics so interfere 
with the management of work carried on by the city itself that efficiency 
is impossible and even the quality of the work suffers. The authors do 
not hold such an extreme position, and after considerable experience 
in executing large and small sewerage work both by day labor under 
their direct charge and by contract, they have found such advantages 
and disadvantages in both systems that the choice between the two in 
any given case should not, in their opinion, be determined without a 
careful consideration of local conditions. Where the difficulties of con¬ 
struction are certain to be numerous or there must be frequent changes 
in some of the details of foundations, underdrains and the like to meet 
changes in the ground in the bottom of the trench, an experienced fore¬ 
man with a force of good muncipal laborers will probably build a better 
small sewer than a contractor will construct. Where the work is with¬ 
out serious difficulty and the city is without experienced men to act as 
foremen, a contractor will probably build a good system at less expense 
than the city. Between these limiting conditions are manycombinsr 
tions of circumstances which it would be a waste of time to attempt to 
enumerate and discuss. 

If a contractor is to be engaged, it is desirable to prepare a form of 
contract, a set of specifications and enough plans to make perfectly 
clear just what the city wishes and the contractor agrees to do. Un¬ 
fortunately the English language is .sometimes used so poorly that the 
meaning of a clause in a contract cannot be understood by city or con¬ 
tractor, and this meaning must then be determined by judge or jury. 
For this reason, therefore, clearness of wording and correctness in 
drafting are highly desirable. 

Even when a requirement is perfectly clear, a controversy may arise 
over its legality or equity. The city of New York has endeavored to 
avoid such disputes by writing into its general form of contract a cUuse 
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meeting every litigated case in which it has been a loser through an 
adverse judicial interpretation of contract requirements. The resulting 
mass of legal verbiage is almost incomprehensible to a layman, and as it 
has not been copied elsewhere its necessity is doubtful. The legality of 
a contract of importance should always be passed upon by a lawyer, 
for he is generally more familiar than the engineer with the forms of 
wording which have been adjudicated and have a definite meaning 
in conscH]uence. The engineer, however, will do well to follow as closely 
as possible all suits which will throw light on the proper wording of 
contracts and specifications, for if well informed he can do much toward 
rendering litigation over a contract a waste of time. 

These! two sources of controversy over a contract and its accompanying 
plans and 8|)ecifications shoidd be kept in mind when preparing such 
documents. The relations between all parties and their respective 
duties should be made definite in every detail. The work to be done 
should be clearly explained. If the surface of a concrete wall is to be left 
perfectly smooth and free from checks, pits, scars and stains, this should 
be stated, for the requirement that the wall shall be built in a work¬ 
manlike manner satisfactory to the engineer is not definite. If a machine 
is desired, those parts and features which are really needed should be 
described, leaving the rest to the manufacturer, for it is not a good de¬ 
scription to say that the macliinc shall be of somebody’s make, or ecjual. 
These loose expre,ssions are fast disappearing from the si)ecifications of 
leading engineers, us it is becoming appreciated that there is a great 
difference l)etween a description prepared to explain in a general way 
the purpose and design of a public work and a description of what a 
contractor must supply and do. Fairness to both owner and con¬ 
tractor demands a complete, precise and clear description, either in 
words or by drawings, of every detail of the undertaking which is not 
left to the contractor’s judgment. By following this policy and by 
requiring inspectors to be fair and not harsh in enforcing contract 
requirements, a city gains a reputation for enlightened business methods 
which results in low prices from responsible contractors. 

Essentials of a Contract.—The essential elements of all contracts 
have been verj' clearly outlined by John Cassan Wait in h'ls "Engineer¬ 
ing and Architectural Jurisprudence:’’ 

“Every binding contract must contain four essential elements, vis.: 
1. Two parties with capacity to contract. 2. A lawful consideration; a 
something in exchange for its legal equivalent; a quid pro quo. 3. A lawful 
subject-matter, whether it be a promise, an act, or a material object. 4. 
Mutuality: a mutual assent, a mutual understanding, and a meeting of the 
minds' of the parties. These elements of a simple contract are of the 

' Wbera there ie eotne error or omueioo to the pluu or ipecificelJoas. there coo have 
be«Q no ** m««tinc of the mind* " of owner and contractor on tlua point. Frequently an 
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foundation of the English common law, and no agreement, so-called, is a 
binding contract unless it embodies each and all of these essentials. With¬ 
out them our courts decline to recognise the binding effect of the agree¬ 
ment and the parties are free to fulfil their obligations or not at their 
pleasure." 

Capt. D. L. Hough, in a paper on “The Relations of Engineers and 
Contractors,” presented before the First American Road Congress, at 
Richmond, Va., Nov. 21, 1911, expressed himself as follows: 


“The very essence of a TOntract is mutuality; and the more this most 
important principle of a contract is kept before our minds, the more faith¬ 
fully will the contract be carried out and the less will be the friction developed. 

In fact.if the mutuality of a contract is kept always before 

us, and it is understood that when a contract is once signed the parties 
thereto have equal rights thereunder, are on an equal footing, and that there 
18 nothing in contraetiial relations that places the party who pays with his 
money on a higher plane than the party who pays with his materials and 
services, or vice versu, and if the engineer considers himself a non-partisan 
arbitrator, there is nothing left to be desired. 

“In so far as tbc engineer lays out, directs and inspects the character 
of materials and workmanship, be is proiierly the representative of the 
principal; but under the terms of those clauses where he is made the arbi¬ 
trator, interpreter and estimator, he is the representative of both parties 
and should be absolutely iion-parli.san. 

“Actually, therefore, the engiiu-er, in so far as ho is the arbitrator, that 
is, is made the final court of appeal under the terms of the contract by both 
contractee and contractor, he is the employee of both and must not be parti¬ 
san; and if he is luirtisan, he is not faithful to the trust reposed in him by 
the other party, however shocking this statement may sound to those 
obsessed by the present practice.” 


In order to facilitate its use, that portion of the contract which treats 
of the work involved, in which all the details arc Bpceifically mentioned, 
is usually segregated and submitted as “Specifications,” either within the 
body of the contract or supplementary to it. There is no general agree¬ 
ment in regard to the items that should be included within the speci¬ 
fications as distinguished from the main contract. If the specifications 
are submitted separately there should be a clause in the contract oalUng 
attention to the fact that the specifications and the plans expla natory of 


.ttempt i. n,«Je to bridge over .urh . diffieully by . s.n.r.1 cl.u«- tb.t where eueh 
c«,. ere of minor importenre bolh pertm. egree to eroept tb. engineer. 
thi. cl.m« 1« of no reel imporwneo in emm o( eontroverey Uo-.u.. it doe. not indieete 
who .hell decide whether tb. importance of the point et leeu. i. minor. It i. mnrt 
better, when an error or omimiion i. di.cov.red, to pr^iare a bnrf niemormidnm, tU^ 
and eigned by both partiee. .tating that it i. n.utnidly agremi that Uie nmmtlng ^tta 
epecibcation. .hall b. interpreted in a oeruin way, or that a .kewb Rrmly “ 

the agreement .hall be con.id.r«l a Mtirfactory .ubatitute lor a detail on tb. ^nal 
dfmwinw If the error or omimioa involve, work of • «1m. for which no unit price wm 
bid it u highly de«rtble to have • wntUfii egroemeol coDceromg the price before H to 


undertaken. 
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them must be considered as part of the contract. In such a case the 
plans and specifications must be so described in the contract that in case 
of litigation oral testimony to identify them will not be necessary. 
Claims for extras can be kept down in this way. 

Although contingencies are a proper subject of contract, yet it has 
been held by the courts that they must be clearly referred to in the con¬ 
tract, as a contractor is not bound to assume a risk not mentioned in the 
agreement. Where specifications are obscure or when several parts of 
them are in conflict, “custom” will be held by the courts to govern in 
such cases. The determination of “custom” usually costs far more and 
is less satisfactory to everybody than a little more expense in making 
the contract reciuircments clear and harmonious. 

Blanket clauses have probably been the source of as much controversy 
in the execution of contracts as any other provision, and should be 
avoided so far as possible. In contracts requiring a long period of years 
for execution, it is difficult to anticipate all conditions to be met. Labor 
and market conditions change, and modifications in the laws and ordi¬ 
nances existing at the time of contract often occur. The contract and 
specifications must, therefore, be suflieiently flexible to care for these, 
without bringing undue hardship upon either party to the work. Where 
blanket clauses are required to cover such emergencies, it is of impor¬ 
tance that anticipated contingencies be mentioned and that as definite 
provision be made for their settlement as is possible. 

One danger of any alterations in a contract as the work progresses 
is that they may operate to relieve a surety from his responsibility in 
case the contractor fails to execute the work. Where the surety bond 
is an integral part of a contract, there are really three parties to it, 
and all three must agree to any changes. This has led some lawyers 
making a speciality of engineering relations to advise preparing supple¬ 
mentary contracts whenever changes are necessarj', or drawing up written 
agreements that certain features of the contract shall be interpreted 
as having carefully defined meanings. It is wise for the engineer and 
his entire staff to avoid very carefully making any oral statement which 
may be construed as altering any contract or specification requirement, 
for such a statement made in the presence of witnesses may be used 
to prove the inadequacy or imperfection of the written agreement 
should the contractor wish to withdraw from it. In short, a contract 
is a very important obligation, and there are the best of reasons for the 
old rule that no alterations in it shall bo made except in writing, with 
legal a^ce, and no orders shall be given for work to be done under 
blanket clauses or provisions for extras, except in writing, carefully 
worded and completely defining the extent of the work. 

"Some contractors exhibit an unusual willingness to carry out the most 
erratic directions of the engineer. This is done in order to break away 
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from the contract and set up a claim that, by reason of change of plan, 
the contract has been annulled and a new basis of compensation is necessary. 
This is chicanery, to be sure, but the engineer should be able to recognise it. 
Claims against public corporations have many times been treated with 
excessive liberality, and they should not be allowed to succeed without the 
engineer’s approval.”—Albert J. Himes, Trans. Am. Soc. C. E., vol. Ivi, 
p. 104. 

Arbitration.—It is generally desirable that the contract should provide 
for a means of settling such disputes as may arise under it without 
recourse to the courts, except as a last resort. There has been much dis¬ 
cussion about whom these disputes should be referred to, because most 
contracts provide that such questions shall be referred to the engineer. 
Contractors look upon most engineers as interested parties or as 
employees of the party of the first part, and have a feeling that, as 
such, the engineer is bound to cater to the interests of Ids employer 
and cannot, therefore, give an unbiased opinion. Contractors fre¬ 
quently express the opinion that engineers, in interpreting the provi¬ 
sions of contracts drawn by themselves, are likely to be biased by this 
fact, especially if the sufficiency of the contract is at issue. On the 
other hand, no other person than the engineer can have such complete 
and intimate knowledge of the details of the proposed undertaking 
and the provisions of the contract. 

In interpreting the re<juirement8 or intent of any contract the engineer 
ceases to be the agent of the owner and becomes a judge with the owner 
and contractor at bar. If the engineer’s decisions be strictly judicial, 
difficulties which come up in the progress of the construction work will 
often be readily and satisfactorily settled without need of further 
arbitration. 

The appointment of an arbitrator, or a board of arbitrators selected 
from absolutely disinterested parties, has been suggested frequently 
as a panacea for such disputes, but the following arc some of the diffi¬ 
culties in the way of securing satisfactory results by this method. First, 
cost; second, the difficulty of acquainting the arbitrator with all the 
facts, conditions, and influences surrounding a given contract, knowl¬ 
edge of which is necessary for rendering an impartial judgment; third, 
the law will not compel the carrying out of the provision, therefore the 
surety which is implied by the clause may be misleading either to the 
contractor or the contractee. This has been clearly expressed by 
John C. Wait, in his “Notes on the Law of Contracts,” published jointly 
with “Specifications and Contracts” by J. A. L. Waddell in 1906: 

“The writer’s experience with contract clauses providing for arbitratiaa 
is that » nine cases out of ten, when controversies have arisen, one or the 
other of the parties will refuse to carry out the provisions for arbitratiotl. 
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This they may do with impunity, ns there is no means of compelling them, 
under the ordinary provisions of the contract, to carry out the terms of the 
submission to arbitration; and they may, without generally subjecting 
themselves to any damages whatever, decline either to appoint arbitrators 
or to attend an arbitration. If, however, they do take part and the award 
be made and served upon the parties, they are irrevocably bound by such an 
arbitration. The trouble is and will be that they will refuse either to ap¬ 
point arbitrators or to attend or take any part whatever; or one of the 
parties will seek to limit the scope of the arbitration to those matters and 
things in which he feels the stronger, eliminating and refusing to arbitrate 
matters which are apparently against him. 

Owing to this fact the use of the arbitration clause might as well be 
omitted, as the parties, if willing to arbitrate, can at any time come to terms 
of an arliitration for the settlement of their controversies, and the use of the 
clause under the circumstances deceives and misguides the contractor and 
sometimes the owner in the belief that he can require the other party to 
submit their differences to a board of arbitrators to be selected in ac¬ 
cordance with the terms of the contract. 

Neither party to an arbitration can appeal from the decision of the arbi¬ 
trators when it is once made and communicated to the parties. No appeal 
can be had I)y either party to the courts, unless gross fraud and collusion 
are shown between the arbitrators and one of the parties or the engineer 
and archiU'ct. The award by arbitrators is final and conclusive upon the 
parties, without appeal, if the award was fairly and honestly made." 

Nevertheless, serious disputes have sometimes been satisfactorily 
settled by reference to single referee, an engineer of sound and ripe 
judgment, judicial temperament, and good standing. 

While arbitration clauses in eon tracts are not very common, they 
liave been u.sed in sonu^ cases and are of interest to engineers preparing 
contracts and may be helpful to those who feed that arbitration should 
not be confined to the engineer in charge of the work. Several such 
clauses follow. 

Jersey CUy Wafer Supply To., Jersey City, N. J., 1902. (Completion of 
Main Dam at Storage liescrvoir at Boonton, N. J., Contract 3.) 

(p. 13) "Art. 3. Engineer the Referee.—All the work under this contract 
shall l>e done to the satisfaction of the Engineer, who shall in all cases de¬ 
termine the amount, quality, acceptability and fitness of the several amounts 
of work and materials which are to be paid for hereunder, and shall decide 

all questions which may arise. 

and his determination and decision thereon shall be final and conclusive, 
subject only to revision by arbitration as provided under Art. 26." 

(p. 48) "Art. 26. Arbitration.—ln the event of disagreement between 
the Com|Jlny and the Contractor, they shall submit the matter to arbitra¬ 
tion, the C'ompany chooaing one arbitrator, and the Contractor one, and the 
two thus chosen to select a third. The decision of such arbitrators, or a 
majority of them, shall be made in writing to both parties, and when so mode 
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shall be binding on the parties thereto. The entire expense of such arbitra¬ 
tion shall be borne by the party against whom the decision is rendered, or in 
event of a compromise decision, shall be home by both parties in such pro¬ 
portion as the arbitrators may decide. Such arbitration is intended to avoid 
litigation and a written offer to submit thereto by either party, followed by 
such arbitration (it said offer is accepted and acted upon within twenty (20) 
days after the same is made), shall be a condition precedent to any action at 
law by either party under this contract.” 

Pili^yurgk, Pa., Department of Public Works, Bureau of Filtration, Con¬ 
tract 1 (1905) for Filters, Basins and .ippurtcnanccs. (The Director ex¬ 
ercises throughout the authority usually vested in the Engineer.) 

(p. 557) “Right of Appeal.—It is expressly covenanted and agreed that 
in case any question or dispute shall arise between the parties under said 
Contract, or touching the quantity, quality or value of any work done or 
materials furnished thereunder, the same shiiil be referred to the Director of 
the Department of Public Works, whose dei ision thereon ahull be final and 
conclusive; unless either or bot h parties shall, wit hin ten (10) days t hereafter, 
appeal from said decision in writ ing and shall notify both the Director and 
the other party of such appeal, in which case the said question or dispute shall 
be referred to two (2) arbitrators, one (1) to be selected by the Contractor 
and the other by the Mayor of the City of Pittsburgh, and both parties 
shall waive and release all right of action and suit at law or otherwise. 

"In case of appeal, the party appealing shall file with the said Director a 
written statement of all matters in dispute and specify the particulars ob¬ 
jected to, and the said appellant shall, with his or its appeal, state in writing 
the name of the arbitrator selected by him or it, and the other party shall, 
within ten (10) days of the notice of such appeal, notify the said Director in 
writing of his or its selection of an arbitrator, whereupon the said two arbi¬ 
trators shall, after notice, proceed without delay to hear and determine the 
question or dispute in case they agree, render a decision thereon in writing, 
which decision shall be final and conclusive i or, if they fail to agree, then they 
shall select a third arbitrator and the three (3) arbitrators shall proceed to 
hear and determine the question or dispute and render a decision thereon in 
writing, and their decision or that of a majority of them, shall be final and 
conclusive. 

“In case the party appealing shall not so name his or its arbitrator, the 
appeal shall not be considered. If the other party shall, within ton (10) days 
after date of notice of such appeal, fail to appoint his or its arbitrator, then 
the party appealing may apply to the Court of Common Pleas, No. 2, of 
Allegheny County, Pennsylvania, for the appointment of an arbitrator for 
such party in default, or by Bill in Equity, in the nature of a specific per¬ 
formance of the duty. If the two (2) arbitrators fail to agree upon a third 
arbitrator, then the persons constituting the Court of Common Pleas, No. 2, 
of Allegheny County, Pennsylvania, or a majority of them, may make said 
appointment and in case the persons constituting said Court of Common 
Pleas, No. 2, shall fail or refuse upon application to so appoint, the Mayor of 
the City of Pittsburgh shall make said appointment. 

“When there are but two arbitrators, if they shall agree, their decision 
shall be final and conclusive. When there are three arbitrators, the decision 



440 


AMERICAN SEWERAGE PRACTICE 


of a majority of them shall be hnal and conclusive. The expense of such at^ 
bitration shall be paid by the City of Pittsburgh and one-half (1/2) of such 
sum shall be deducted from the amounts due or to become due the party of 
the second part." 

Cincinnati, Ohio, Contract 86 (1906). “Proposals for the Construction 
of a Head House, Chemical House, Filter House, Valve Houses, and of a 
Wash Water Reservoir, and other miscellaneous work in connection there¬ 
with" for the Hoard of Trustees, Commissioners of Water W'orks. 

(p. 65) “Arbitration.—It is agreed that in the event that said Trustees 
shall have ordered any alteiation or modification of the within contract, and 
said Contractor and said Trustees cannot agree upon the price to be paid for 
the work or materials under such altered or modified contract, they shall 
thereupon submit the matter to arbitration, the Trustees choosing one arbi¬ 
trator and the Contractor one, and the two thus chosen to select a third; 
and the award of such arbitrators, or a majority of them, as to the prices to 
be paid, shall lie made in writing and entered on the minutes of said Trus¬ 
tees, and when so entered shall be binding on the parties hereto. And it 
is expressly understood and agreed that, in case of any alterations or modi¬ 
fications, so much of this agreement as is not necessarily affected by such 
alterations and modifications shall remain in full force upon the parties 
hereto. And the said Contractor hereby agrees not to claim or bring suit 
for any damages, whether for loss of profits or otherwise, on account of not 
being allowed to do such work or furnish materials as agreed upon prior to 
such alterations or modifications." 

“All the work under this contract shall be done to the satisfaction of the 
said Trustees, who shall in all cases determine the amount, quality, accepta¬ 
bility, and fitness of the several kinds of work and materials 
and such determination and decision, in case any question shall arise, shall 
be a condition precedent to the right of the contractor to receive any money 
hereunder." 

London County Council, Contract 3 (1907), for Low Level Sewer 2, 
North Side. 

(p. 23) ‘ Arbitration Clause.—Lastly, if at any time before completion of 
the work, any question, dispute or difference shall arise between the Council 
or the Kngineer on their behalf and the Contractor as to the construction of 
this Contract, or as to any matter or thing arising under or out of this Con¬ 
tract, then such question, dispute or difference (unless it relate to matters 
and things which are under the terms of this Contract left to the final deci¬ 
sion, requisition, certificate or order of the Engineer) shall be referred to the 
determination of the Engineer, whose decision shall be abided by until the 
completion of the work, when such questions, differences and disputes may 
as hereinafter provided for be referred to the decision of the arbitrator. 

“If on completion of the work there shall remain any question, difference 
or dispute upon any of the matters or things referred to or specified in the 
first paiffef this Clause, or as to payments to be made to the Contractor, the 
same shall be referred to the award and decision of some person to be mutu¬ 
ally agreed upon, or failing agreement to some engineer to be appointed by 
the President for the time being of the Institution of Civil Engineers, whose 
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decision shall be final and conclusive Iwtwecn the parties. The provisions of 
the Arbitration Act, 1889, shall apply to any arbitration under this clause." 


GENERAL FORM OF ENGINEERING CONTRACTS 

The general method of contracting for engineering work is to invite 
proposals, either by means of a general advertisement or by solicitation. 
As announcements generally state that only that proposal which is con* 
sidered most advantageous to the owner will be accepted, while the right 
is reserved to reject any or all proposals, contractors are induced to 
figure their proposals as low as iMwsible, thereby securing to the owner 
the benefit of close competition. In order that all proposals may be in 
such form as to be readily compared it is desirable that bidders be re¬ 
quired to submit their proposals on a form furnished by the owner. 
It is also desirable that a complete statement should be made by the 
owner setting forth the general scope and rcfiuirements of the work, 
in order that all contractors who bid upon the work may have a clear 
conception of it and bid upon the same thing. This should be fur¬ 
nished under the caption, “Information to Bidders.” 

Advertisement of Contract.—^Although notice of impending work 
may be given to the contractors through an advertisement in the 
public press, the expense of advertising will prohibit the giving therein 
of all information needed by the bidder. It is therefore suflicient to 
cover in the advertisement a general statement of the work to be done, 
its location, the time and place of canvassing the bids, and of beginning 
and completing the work, the security required for its performance, 
the place where plans and complete specifications, including full infor¬ 
mation to bidders and proposal blanks, may be obtained, the name of 
the party inviting the proposal, and, if the work be of a public nature, 
the act or ordinance by virtue of which the work is undertaken. 

The Information for Bidders should contain the facts covered by the 
advertisement and all of the information essential to the contractor 
for a general understanding of the requirements of the contrairt. The 
following subjects should be covered: 

First, time, place and manner of submitting and withdrawing proposal. 
Second, reference to use of blank forms furnished by the owners for 
submitting bids. Third, the surety required, and the form of bidder’s 
bond or certified check, the amount and character of surety required, 
method of draft, payment and return. Fourth, the name or names of 
the surety to be offered, in case of award of contract. Fifth, the methods 
to be adopted for the notification of the successful bidder. Sixth, 
general description and location of the work involved, statement of 
the quantity involved in each of the several subdivisions. Seventh, 
quantities are approximate only and are given to serve as the basis for 
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comparison of bids, and the owner reserves the right to increase or 
decrease the amount of any class or portion of the work, preferably 
within stated limits. Eighth, bidders are required to satisfy themselves 
by personal examination of the conditions existing and the materials 
to be encountercrl at the site of the work. Ninth, qualifications required 
of the bidder as to experience, capacity, and financial resources. Tenth, 
reservation of right to reject any and all bids. Eleventh, such other 
requirements as local conditions may demand. Twelfth, statement that 
all bids submitt(si on blanks, other than those furnished by the owner, 
and all bids in which the conditions on the owner’s blanks have been 
modified, may be reje(dcd. 

Form of Proposal. —The proi) 08 al should be made upon a printed form 
furnished by the owner, the object being to secure all the proposals 
in exactly the same form and to make sure that all prices are submitted 
in the same unit.s, otherwise it will be difficult to compare the bids. 
The proposals must be delivered at the place designated to bidders at or 
before the hour naimsl therein. They should be scaled and should 
not be opened until the time specified, and then generally, and pref¬ 
erably, ill public. 'I'liey .slioulii all be self-explanatory, and no oppor¬ 
tunity should be given for oral explanation. Bids should generally 
not be allowwl to be withdrawn or modified after the time set for the 
opening of the bids. 

The following form has been found satisfactor\' by the authors: 

To the itf the Town of .. . 

For the coirntruotioii of m-wors tit 

The un<U*r«igiitHl HB holder , , deelare tliut the oiilv parties intertisted ju this 

propoHHl us principals are nanietl herein, that this proponal is made without ooIIuhioq with 
any other person, 6rin or corporation, that no officer of the Town or any person in the 
employ of the Town in directly or lufiirectly interested in this bid, that . . he 
ha ■ earefully examined tiiu location of the proposal work, the annexed proposed 
form of ountrart and the plans and sixieiffifations Uierein referred to and ... be 
propose . .and HKn^e . that if this proposal is aec<‘pted . he... will contract with the 

. in the form of the copy of the contract deposited in the offioc of said 

. and attached hereto, to provide all necessary maebiuery. tools, apparatus 

and other means of construction, and do all the work and furnish all the materials speeiBed 
in this contrai-t tn the manner and time therein presenbed and aceording to the re<iuiremeots 
of the Engineer as therein set forth, and thot he will take in full payment therefor the follow¬ 
ing sums to writ— 

Item la. For all earth exravotion, etc ., . 

Item 17. For extra work, if any, performed in accordance with Article XXII of the annexed 
form of oontraci. the reasonable cost of the work as determined by the Engineer, whoso 
determination shall be 5nal. plus fifteen per cent (15%) of such cost. 

If this proposal shall bo accepted by the.and the undersigned shall fail to 

eoniraot as aforesaid, and to give a bond in the sum of five thousand dollars (|5,000), with 

surety satisfactory to the.within six days (not including Sunday or a legal 

holiday) frdii the date of the mailing of a notice from the ... to him. aeoording to 

the address pvon herewith, that the contract is ready for signatun*. then the . 

may at their option detenuine that the bidder has abandoned the contract and thereupon 
the proposal and acceptance shall be null and void, and the oertified obeck for five hundred 
dollars (tSOO) acoompaniing this proposal shall become the property of the Town of 
.; othwwise the accompanying cheek shall be returned to the undenugned. 
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Fonn of Bidder’s Bonds.—Each bid must be aoeompaniod either by a 
certified check drawn for the stated amount or by a bidder’s bond given 
by an acceptable surety company, providing that if the contract, for 
which proposal is made, shall be awarded to the bidder, the bidder will 
enter into the contract in accordance with the terms of the proposal 
and will give bond for the amount stated in the information to bidders for 
the faithful performance of the contract; and, to that end, that the said 
surety company shall, in case the bidder shall fail to execute the contract 
and furnish bond, pay to the owner as liquidated damages the amount 
stated in the information to bidders. 

Contract—The contract must be made in accordance with the terms 
of the Advertisement, Information for Bidders, and Proposal, and al¬ 
though these are not embodied within the limits of the formal contract 
it should be stated in the contract tliat tliey, together with the speci¬ 
fications and surety bond, shall be considered as integral parts of the 
formal contract. No changes should be made either in the form of con¬ 
tract or in the items which api)ear in either the Advertisement, Infor¬ 
mation for Bidders, or Proposal as submitted by the bidders, in making 
out the contract, as by so doing the bidder may be relieved from the 
obligation of entering into a contract with the owner, on the ground 
that his offer was not accepted in its original terms and that there is 
therefore no binding contract. 

Bond.—The form of bond printed after the typical contract 
reproduced later in this cha])tcr has been found to meet the general 
requirements of sewerage work. (.See page 402.) 

INSURANCE 

The old theory of employers’ liability is rapidly giving way to the 
more modern theory of workmen’s compensation. There follows a 
transcript from the 1912 Year Book of the New International En¬ 
cyclopedia, which gives a statement of the present status of those 
two theories. 

"Workmen’s Compensation.—This is a term used to designate that form 
of compensation for industrial accidents which has come to replace employers’ 
liability. Under the older system the employer was required to com¬ 
pensate a workman injured while in employment only when the employee 
could show in a suit at law that the employer had been grossly negligent, 
that the worker had not been negligent, and that the accident was not duo 
to the carelessness of a fellow employee. Under the common law the 
employer was securely entrenched behind the rules of assumed risks, con¬ 
tributory negligence, and the fellow-servant doctrine. Employers’ UabUity 
laws gradually reduced the employer’s security by modifying these doctrines 
in various respects, but still imposing on the injured worker the necessity 
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of bringing suit in court. The employers at the same time insured them¬ 
selves against such suits in employers’ liability insurance companies, which 
assumed the obligation of fighting the employees’ suits and of paying penal¬ 
ties imposed. 'Thus the worker was forced to assume the costs of repeated law 
suits before he could secure any damages. Statistics showed that not more 
than 45 per cent, of the premiums paid by employers to insurance companies 
were finally paid to injured workers. Moreover, actual statistical investiga¬ 
tion showed that between 60 per cent, and 70 per cent, of injured workers 
received no compensation whatever. Even when compensation was se¬ 
cured, the expenses involved so reduced it that the remainder was wholly 
inadequate to offset the economic loss involved in the injury itself. Thus 
many families were permanently reduced to a lower standard, even to 
permanent iiovcrty, by industrial accidents. The compensation principle 
introduced into England and continental countries 15 to 20 years ago has 
within the past 2 years found extensive adoption in the United States. 

“The advantages of the compensation principle may be briefly sum¬ 
marized as follows: (1) It furnishes certain, prompt, and reasonable com¬ 
pensation to injured workers and their dependents; (2) it removes from the 
courts the numerous cases growing out of employers’ liability litigation; 

(3) it relieves charity of the poverty due to uncompensated accidents; 

(4) it is more economical, since the costs of lawyers, witnesses, insurance 
companies, and court trials arc eliminated, and because it gives to the worker 
a much larger proportion of the cost to employers; (5) it increases good will 
and stimulates accident prevention; (6) it furnishes a basis for accurate 
statistical knowledge of phases of industrial and social life heretofore 
neglected.” 

Idability Insurance.—-Liability insurance is usually written under 
one of four principal heads, employers’ liability, public liability, team 
insurance, and automobile insurance. 

In employers’ liability insurance the insurer agrees to indemnify the 
insured against loss by reason of liabihty imposed by law upon him for 
damages on account of bodily injuries, including death, at any time 
resulting therefrom, accidentally suffered by reason of the prosecution 
of the work, at the places described in the policy and under the classi¬ 
fication covering an employee of the assured. 

Public liability insurance differs from the above only in the fact 
that it insures against injuries sustained by other parties than those 
employed by the assured, that is, the public. 

By team insurance the insurer indemnifies the assured against loss 
by reason of liability for damages on account of bodily injuries to his 
drivers and to the public caused by means of draught or driving animals 
or vehicl^ in the service of the assured, while in the charge of the assured 
or his employees. Automobile insurance applies to automobiles in 
much the same way as team insurance applies to animal-drawn vehicles. 

Liability insurance premiums are based upon the amount of pay rolls. 
When the policy is issued the contractor estimates the probable amount 
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of his pay roll during the term of the policy, and a certain percentage 
of this pay roll is charged as a premium, this percentage varying with 
the hazard of the work. At the end of the period for which the policy 
is drawn, the insurance company calls for an audit of the contractor's 
pay rolls, in order to determine the exact amount of those pay rolls 
upon which the premium estimated is adjusted. Although in a general 
way the foregoing is the method adopted, modifications arc made to 
fit each particular case. 

The cost of liability insurance covering bodily injury deiMmds upon 
the laws regulating the lialnlity of the contractor directly, and indirectly 
that of the liability insurance company. 

Sewer construction is generally classed as more hazardous than much 
other contract work. The 1913 insurance rates in Massachusetts, 
under the compensation act, were as follows: 

For work less than 7 ft. in depth, 

Insurance of laborers. . 44 87 per $100 of pay roll 

Insurance of public. 2 00 per $100 of pay roll 

Total insurance of employees and public $0.87 

For trenches 7 ft. or more in depth. 

Insurance of contractor’s employees. $6 75 per $100 of pay roll 
Insurance of public.. . 3 00 per $100 of pay roll 

Total.$9.75 per $100 of pay roll 

Masonry structures. $3 75 per $100 of pay roll 

Insurance of public. 1.25 per $100 of pay roll 


Total. .$5 00 jier $100 of pay roll 

For employees handling explosives.$18 75 per $100 of pay roll 

of such employees 

Insurance of public.$5 00 per $100 of pay roll 

The foregoing rates for insurance of contractor’s employees cover 
the payments required by the workingmen’s compensation act. The 
rates on insurance covering the public guarantee the payment to injured 
persons of such sums as may be paid by the Insurance Company in 
voluntary settlement of claims, or as may be awarded by the court. 
The liability in such cases largely governs the payments and is not 
covered by the workingmen’s compensation act. 

In some cases the question has been raised whether a contractor 
shall have an allowance for premiums paid on liability insurance, where 
extra work is being performed and paid for at cost plus a percentage or 
fixed sum. It has been held by some attorneys that the contractor 
cannot recover for such expense, in cases where there is no workingmen’s 
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compensation act, unless spccificaUy mentioned in the contract because 
it covers simply injuries due to the negligence of the contractor, which 
is not a legitimate portion of the expense of carrying out the work. 
While there seems to be ample justification legally for this opinion, such 
a course would undoubtedly work a hardship to most prudent contrac¬ 
tors, who feel that liability insurance is an absolute necessity. To 
avoid disputes on this point and provide a jjerfectly fair basis of adjust¬ 
ment of cost, contracts should specifically state whether or not the cost 
ofliabilityinsurancewill be included in the cost of work paid for upon a 
cost plus percentage or fixed sum basis. 

KINDS OF CONTRACTS 

There is a variety of <'ontracts due to the different methods of deter¬ 
mining the com])en8ation of the contractor. Among them may be 
mentioned: (a) the unit price, (h) the lump sum, (c) cost plus a percent¬ 
age, (d) 'cost with a guaranteed limit, plus a percentage, (e) cost plus a 
fixed sum, and (/) cost jilus a fixed sum, with a bonus if the cost is less 
and a deduction if it is greater than a fixed amount. 

Unit Price Contract.—The unit price contract is probably more 
used than any other in sewerage, work because of its provision for changes 
in the amounts of different classes of work which cannot be determined 
accurately in advance of construction. Where this system is employed, 
the engineer estimates as accurately as possible the amount of each 
class of work and the contractor bids a unit price on each class. The 
amount of his projiosal is obtained by figuring the total cost of each 
class of work on the contractor's bid and then adding these totals 
together. It is impossible for the engineer to estimate accurately all 
of these quantities, and the Invitation to Bidders should always contain 
a statement that the owner docs not guarantee the accuracy of such 
estimates nor that the borings represent accurately the quality of the 
materials to be excavated, and prospective bidders should be required 
to ascertain the working conditions by personal investigation of the 
site. The import ance of this is shown by the following notes of a suit 
over a unit price contract. 

The Commissioners of Sewerage of Louisville advertised for bids for 
the construction of a sewer and awarded the contract to the lowest of 
the four bidders, each of whom bid a given price per item. The success¬ 
ful bidder formally executed the contract and offered a bonding company 
as surety in the sum of $8000, accepted by the commissionerB. The 
contracto? prosecuted work for severi months, when he abandoned the 
contract. The Commissioners of Sewerage then advertised for new 
bids and relct the contract to the lowest of the new bidders, at an alleged 
loss of $20,353.33. The commissioners brought action against the 
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original contractor to recover this loss, which was the difference between 
the latter^B bid upon the estimated quantities of work to be done, 
excluding the amount of work already done by the first contractor, and 
the bid of the party to whom the contract was awarded the second time. 
The bonding company was made a party defendant. The defendants 
resisted recovery, on the ground that the contract should be cancelled 
because of a mutual mistake of the parties to it. 

The case was carried to the Kentucky Court of Appeals, w'here the 
final decision contained the following comments on this important 
feature of such contracts: 

“The plana upon which hida were invited ahow(*d borings indicating 
that the material to be encountered, through which the sewer would run, 
was blue clay, whereas it was claimed to be something else; the plans 
represented that the material to be encountere(i in the trench was solid, 
whereas it was soft and semi-fluid. In the approximate quantities, it was 
estimated by the engineer that 41(K) ft. of timber foundation would be 
required, whereas, in fact, about 22,0(X) ft. of timber foundation was used. 
It is claimed by argument that this miscalculation caused the defendant 
to bid less on another item, to wit, excavation, than it would otherwise have 
done. . . . 

“Appellant. . . agreed to do the cxmstruction w'ork according to (*rtain 
plans and specifications. Prior to the letting of the contract, appelees 
liad taken samples of the subsoil by means of a hand-auger, at points along 
the line of the work about 200 ft. apart. The locations of these Imrlngs are 
shown on certain bluc-jirints. . . . The material parts of the'Information 
for Bidders’ are as follows: 

"‘The following is an approximate statement of the extent of the work 
required, based upon the estimate of the engineer; the several bids will be 
computed, tested and canvassed by the quantities of work given in the state¬ 
ment, viz., . . . (the various items of the contract). . . . These quanti¬ 
ties are based upon the construction of the sewer in open cut, are approximate 
only, being given as a basis for the comparison of bids, and the Commissionera 
of Sewerage do not expressly or by implication agree that the actual amount 
of work will ttirrespond therewith, but reserve the right to inmase or decrease 
the amount of any class or portion of the work as may be deemed necessary 
by the engineer. . 

" 'As the above mentioned quantities, though stated with as much accu¬ 
racy as is practicable in advance, are approximate only, bidders are required 
to submit their estimates upon the following express conditions, which 
shall apply to and become part of every bid received, viz., bidders must 
satisfy themselves, by personal examination of the location of the proposed 
work, and by such other means as they may prefer, as to the actual condi¬ 
tions and requirements of the work and the accuracy of the foregoing 
estimates of the engineer, and shall not, at any time after the submission of 
an estii^ate of the engineer, dispute or complain of such statement or 
estimate, nor assert that there was any misunderstanding in regard to the 
nature or amount of work to be done. 

89 
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" ‘The excavation, the masonry ami other parts of the work have been 
divided into classes and items in order to enable the bidder to bid for the 
different portions of the work in accordance with his estimate of their costs, 
so that in the event of an increase or decrease in the quantities of any par¬ 
ticular class of work the actual quantities executed may be paid for at the 
price bid for that particular class of work.’ 

"Reduced to its final analysis, appellant’s complaint is that he encountered 
difficulties in excavation that he did not anticipate. By the express terms 
of his contract, this was a risk that he assumed. The appellees not only 
furnished him with all the information that they had on the subject, but 
put him on notice that in the event he encountered unforeseen difficulties, 
he could make no claim on that account. Having taken the work upon 
a unit basis as to prices, and it not being within the power of either party 
to foretell with any degree of accuracy the character of difficulties to be 
encountered, the contract was a chancing bargain, and the fact that he met 
with greater or less difficulty than was anticipated by the parties would 
not entitle either to a cancellation of the contract. ...” 

Lump-sum Contract.—Under the lump-sum contract the contractor 
agrees to furnish, for a definite lump sum of money, all labor and materials 
necessary to complete a certain definite piece of work to be built upon 
the detailed plans and sitecifications submitted or bid upon. 

This method of contracting has the advantage that the owner should 
know from the start how much money will be involved by the work as 
planned. If changes arc made in the plan, detail, or method of construc¬ 
tion of, or in the kind or quality of materials required for, the work, 
modifications in contract price may and generally do result, with the 
possibilitj' of disagreement and expensive litigation. Therefore more 
careful preliminarj’ study of conditions is necessary in this form of con¬ 
tract than where the others are employed. Moreover, in this form of 
agreement, the contractor is likely to figure into his bid a safe margin to 
cover unforeseen difficulties, which the owner is obliged to pay, whether 
such hazards arise or not. If these hazards do not arise, the contractor 
may make a sum in excess of his normal and desired profit; and if the 
work does not prove to be hazardous, but especially favorable, a still 
further profit is secured. In any event, the element of uncertainty is 
likely to be given greater weight in preparing a bid than with the unit 
price type of contract. 

Percentage Contract. —In order that the owner may assume all risk 
and per contra obtain full advantage of especially favorable circum¬ 
stances, the percentage form of contract and its various modifications 
have been devised. 

Under Die percentage form the contractor agrees to furnish all labor 
and materials necessary to complete the entire undertaking at its actual 
cost plus an agreed and stipulated percentage of such cost. A serious 
disadvantage of the percentage form of contract is that there may be no 
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spur to the contractor to do the work as expeditiously as possible and to 
keep the labor force and purchase of materials within limite most eco- 
nonucal for the owner. To avoid this contingency the cost plus fixed 
8uni form of contract has been used. 

A form of contract was introduced in Now Orleans in 1914 by George 
G. Earl to secure some of the special advantages of construction by day 
labor without abandoning the services of a contractor, which were 
practically required by local laws. Under it the contractor offers to 
furnish the labor and “such tools, material or oquiprae-'t as may bo 
needed,” in addition to those supplied by the city, at cost plus a per¬ 
centage. Non-resident labor, skilled or unskilled, cannot be supplied 
under such a contract so long as any resident laborers are ready, willing 
and able to do the work. The city furnishes the insiiectors, foremen, 
timekeepers and pay-roll clerks. It has full supervision over this labor, 
including the right to require the contractor to discharge any who are 
found unsatisfactory in quantity or character of work performed or 
insubordinate, and the right to fix their maximum rate of compensation, 
either per task or per diem, for each particular character of work or class 
of labor, ” An obvious danger in such a contract is met by the following 
provision: 


“The labor furnished by the Contractor shall at all times consist of 
the most experienced men available at the rate of pay approved by the 
Sewerage and Water Board for each character of employment, and so 
long as any laborer already employed is willing to retain his position at 
said rate of pay and is satisfactory to the Supervisor furnished by the 
Board, he shall be i otained by the Contractor so long as his services are 
needed, and inexperienced men or men not heretofore engaged upon 
work of a similar character, shall only be employed by the Contractor 
when no men of satisfactory record and experience are available at the 
rate of compensation offered.” 

This form of contract was first tried for sewer and water main exten¬ 
sions and services and house drains late in 1914. After extensive ad¬ 
vertising but one bid, amounting to *748,579.90, was received for 
carrying out this work in the usual manner. On the percentage 
just described, five bids were received, ranging from 3.9 to 6.9 per cent. 
The work of putting in house drains and services is so cut up and the 
extent of the work on each job is so uncertain in advance of its prosecu¬ 
tion, that there are manifest disadvantages in executing it on a unit 
price basis. The lowest bid on the percentage basis came to *492,487.02, 
or *256,092.88 less than the only bid under the usual system. 

Cost-plua-flxed-Him Untract—Under this form of contract the 
contractor agrees to furnish labor and materials and complete the entire 
undertaking at its actual cost plus a fixed and stated sum to cover the 
contractor’s profit and perliajis other specified items. Apparently it k 
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for the contractor’s interest to execute the work as quickly as possible in 
order that he may earn his commission or profit within the shortest 
practicable time, but actually, where the contractor is carrying on several 
operations of this sort, the incentive to make speed may be trifling. 

Under this plan the owner may regulate the class and amount of labor 
employed, the methods of execution, and the kind and quality of material 
to be purchased, and if he cares to he can regulate the entire rate of 
expenditures and thus indicate the speed desired in the exeeution of the 
work. It is to the contractor’s interest, in view of possible future work, 
that this work be done in the most satisfactory and efficient manner; 
his self-interest is involved in that of the owner, provided the owner is 
likely to have the placing of another job, which should induce expedi¬ 
tious and economical work. 

The legal status of contracts of this character has not been established 
by courts of final jurisdiction as yet (1914). The general opinion 
Ls that the contractor becomes some sort of agent, but until the subject 
has been thoroughly reviewed judicially, no definite statement can be 
made. In a suit under such a contract, which did not go beyond the 
trial court, one phase of such an agreement was shown to be important. 
The owner discharged the contractor before the work was finished, and 
was sued for the full fixed sum” and a large additional amount, the 
contractor claiming that he had estimated the fixed sum at 10 per cent, 
of the coat of an undertaking which the owner subsequently quadrupled. 
The attitude of the court wa.s that if this could be proved to the satis¬ 
faction of the jury, the latter should increase the sum due to the con¬ 
tractor beyond that stipulated in the contract. It was also stated by 
the contractor in his testimony that he was able, from his experience, 
to estimate the co.st of work very accurately in advance and that his 
fixed sum” was figured just as in lump-sum contracts except for the 
omission of all expenses he would incur for financing his work under 
the latter form, the inference to be drawn from his testimony being 
that the owner gained nothing financially by the cost-plus-fixed-sum 
agreement. 

Cost-plus-fixed-sum with Guaranteed Limit Contract—To make it 
appear to the owner that the cost of his work may not exceed a certain 
limit, some contracts have been drawn up on the eost-plus-fixed-sum 
basis with a guaranteed limit of total cost. At first sight this form 
would seem to give to the owner the security which its name implies. 
The real effect is, however, to wipe out the good features of the eost- 
plus-fixe^-sum contract in which the relation between the owner and 
the contractor is perfectly free and co-operative, toiding to place the 
contractor in a position antagonistic to the introduction of work, either 
m the form of labor or materials, that was not definitely contemplated 
at the outset, in order to prevent the actual cost from exceeding the 
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guaranteed limit. This form of contract ia subject to some of the 
disadvantages of the lump-sum contract. 

Cost-plas-flxed-aum, with Bonus if I.ess snd Penalt; if Gmtsr 
than t Stated Amount Contract—If it is feasible to formulate a definite 
plan before the award of the contract, so that comparatively accurate 
estimates of the costs of tlie work may be made, and if it is probable 
that but little variation from the original plan will be necessary, this 
form of contract may be desirable for creating a further incentive to 
decrea.sc the cost of the work, and at the same time increase the con¬ 
tractor’s profit without increasing the total costs to the owner. 


UQUIBATED DAMAGES AND BONUS CLAUSES 

Nearly all sewerage contracts contain provisions for the payment by 
the contractor of liquidated damages for failure to complete the work 
within the time stipulated. Such a i)aymcnt should not be in any sense 
a penalty or a fine for mere failure to conform to the requirements, but 
should be made for the purpose of reimbursing the party of the first 
part for damages actually sustained. These cannot ordinarily be as¬ 
certained with precision either before or after the award of the contract, 
for they are composed of many elements incapable of precise computa¬ 
tion, such as the damage resulting from the lack of use of the sewer for 
the period of delay, or that due to the contractor’s occupancy of the 
street in which the sewer is lieing built. These might be arrived at by 
an analysis of conditions, but in atiy event they would Ix! matters of 
judgment, upon which wide differences in opinion might reasonably be 
expected. Another element, which is capable of closer estimate, is 
the actual additional expense of engineering and supervision due to the 
delay, but even the cost of these items cannot, be known in advance 
and their determination, after the work is finished, is always a difficult 
matter and usually largely dependent upon assumptions as to the proper 
method of accounting, particularly with respect to the apportionment 
of overhead and general charges. For these reasons, it is customary 
for the two parties to agree in advance upon a per diem sum to cover 
such damages and to stipulate in the contract tliat they are to bS liqui¬ 
dated upon this basis. 

Unless there arc statutory provisions in the state in which the work is 
being done, as in New York, for example, there appears to be no legal 
requirement for incorporating in the contract the bonus clause simply 
because provision is made for the payment of liquidated damages. 
The requirement that the work be finished at a fixed time appears to be 
no different in principle from any of the other requirements of the con¬ 
tract, and it seems to be one properly subject to agreement between the 
parties to the contract. Many engineers and contractors, on the other 
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hand, (eel that equity requires a bonus for completion ahead of time 
where liquidated damages are provided for delay. The authors do not 
concur in this opinion as applied to contracts carried out under ordinary 
conditions but the advantages of having the work finished ahead of 
time arc often as great as those resulting from avoiding a corresponding 
delay. 

One advantage of the bonus and liquidated damages clauses which is 
not often given the consideration if merits, is that they furnish an in¬ 
centive to the contractor to push his work to early completion, which 
almost invariably inures to his benefit by reducing his overhead expenses, 
rentals on machinery and cost of pumping and incidentals, such as the 
wages of watchmen, finiekccpcrs, water boys and other employees not 
actually engaged in excavation, pipe laying, placing of masomy and other 
activities which may jiropcrly be classed as productive work. The 
amount of bonus, or of bonus and saved liquidated damages combined, 
may Ire suflicient to enable the contractor to rent additional machinery 
and furiush improved organization so that the work cun be done more 
expeditiously and at reduced cost to liim. 

Upon the work done by the Commi.seioncrs of Sewerage at Louisville, 
Ky., the first four contracts were drawn without the bonus clause, the 
other eighty-two eontracts providing for both bonus and liquidated 
damages. Upon this work the bonus and liquidated damages were 
fixed at $2.5 per day, wliich sum was intended to cover with reasonable 
accuracy tbe cost of engineering and supervision due to delay. This 
sum was relatively small, esiiecially on the larger contracts, and in no 
wise covered all damages sustained, but it is doubtful if a larger sum 
would have resulted in a net gain to the city. The amounts of bonus 
and liquidated damages paid and collected under the several contracts 
and their relation to the total amount paid to the contractor and of the 
total cost of each sewer will be found in Table 33, Chapter VH (Quantity 
and Cost of Kxcavation). The bonus paid on all contracts was $26,900, 
amounting to 0.82 jaw cent, of the total payments to the contractor 
and 0.72 per cent, of the total cost of the sewers built. The aggregate 
amount of damages was $66,614, amounting to 2.02 per cent, of the 
total payments to the contractor and 1.78 per cent, of the total cost 
of the sewers. 

The clauses in the louisville contracts relating to the extension of 
the contract time, liquidated damages and bonus were as follows; 

“The contractor shall not be entitled to any allowance by way of damages 

on account of any delay on the part of the commission. but 

in case df such delay or delay on account of.. orof extra work, tbe 

contractor shall be entitled to so much additional time wherein to perform 
and complete the whole or any portion of the work required tmder this 
contract on his part as the engineer shall certify in writing to be just." 
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"The time in which the various portions and the whole of this eontraot 
are to be performed and the work is to be completed is of the essence of this 
agreement, and for failure by the Contractor to satisfactorily complete the 
whole of the work contemplated and provided herein within the time set, 
the commission shall deduct from the payments due to the contractor the 
sum of twenty-five dollars ($25) for each day of the delay, which sum is 
agreed upon, not as a penalty, but as fixed and liquidated damages for 
each day of each such delay, to be paid in full and subject to no deduction. 
If the payments due the contractor are less than the amount of such liqui¬ 
dated damages, the contractor and his surety shall pay the balance to said 
commission. 

"The contractor will be paid a premium of twenty-five dollars ($25) 
per day for each day that the whole work called for in this contract is 
completed to the satisfaction of the engineer prior to the contract time of 
completion." 

In drawing contracts carrying bonus and liquidated damages clauses, 
it is important to provide for a reasonable extension of the time allowed 
for completing the work, to j)rovide for delays resulting from changes 
in the plan and in the quantity of work rr(|uircd, and from delay of 
the party of the first part in furnishing plans, materials and access 
to rights-of-way and other premises. In the decision of the Court of 
Appeals of New York, in the case of Hosier Safe Co. v». Maiden Lane 
Safe Deposit Co., the court stated that “where the parties are mutually 
responsible for the delays because of which the date fixed by the con¬ 
tractor for completion is passed, the obligation fur liciuidated damages 
is annulled and in the absence of some provision under which another 
date can be substituted, it cannot be revived.” N. Y. Rep., Ct. Appeals, 
199, 479. The court offered the suggestion, however, that the right 
to liquidated damages might be preserved by a provision allowing for 
extension of the time for delays not the fault of the contractor. 

Clauses providing for the collection of liquidated damages and the 
payment of bonus, like many other provisions of a contract, make it of 
the utmost importance that the drawings and specifications be made 
clear and complete and that they be based upon a well-matured study 
of the work to be done, that there may be little or no change in require¬ 
ments after the contract is awarded. 

CONTRACT DRAWINGS 

Contract drawings should show what work is to be done and not 
attempt to be record drawings, such as are sometimes prepared after 
construction is completed. It is out of the question to foresee, in every 
case, how deep piling should be driven, bow wide and deep footings 
of special structures should be made where foundation conditions are 
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poor, or how deep the shaft of each manhole must be made. There 
must be certain dimensions in many classes of work which are subject 
to frequent change, and it is better to show this in every case on the 
contract drawings than to show a “typical structure” without any 
indication of the dimensions subject to change. 

All "lines of excavation” and similar indications of limits affecting 
payment should be shown carefully, and all information necessary 
to make their use clear should be lettered on the drawings. All standard 
castings and other Bti])plies to befurni-shed under the contract should be 
shown clearly and comj)letely. 

Where all features of a structure or device, with a few exceptions, can 
be shown with satisfactory clearness on a small scale, but a much larger 
scale is needed to bring out tlu^ details of these exceptional features, 
the most satisfactory results are usually obtained by drawing the whole 
structure to the small scale and indicating the special details conven¬ 
tionally; then these details can usually be drawn on a much larger scale 
on the same sheet. There is a tendency to make drawings far larger 
than is desirable, in order that the details of a few features, often 
unimj>urtant, can be shown clearly on the scale of the whole drawing. 

In some offices it is now customary to make all drawings on such a 
scale that they can be reduced by i)hotograi)hy to a much smaller size 
atid still remain perfectly clear. To be successful in preparing drawings 
for this purpose, the draftsman must keep in mind constantly the 
apjrearance his drawing will present when the spacing between lines, 
the thickness of lines, and the size of letters and figures are reduced to 
the small scale. In the case of lettering it is not wi.se to attempt to 
have the reduced size of the letters less than one millimeter. If the 
drawing is to be reduced to a fourth of the size of the original, the 
“lower ease” or stn.all letters on the latter should be 4 millimeters 
high. Moreover, all the lettering on a drawing, except headings, titles 
and emphasized words, should be of the same height, if the drawing is 
to l>e reduced photographically; if this is not the case the differences 
in size of the letters make a bad appearance on a photo-reduced copy. 

When the specifications have been completed, they should always 
■ be cheeked with the drawings, to make sure that everything is given 
on the latter which is stated in the former to be there, and rice versa. 
There is not so much oitportunity for standardization of design in 
sewerage work as in some other branches of engineering; nevertheless 
there is a tendency in all drafting rooms toward the repetition of 
designs, even when the new use is not so appropriate as that for which 
the planwwerc originally drawn, and this final comparison of specifica¬ 
tions and drawings arts as a check on too much of this reduplication. 

The authors have found that the pamphlets containing “ Information 
for Bidders, Contract and Specifications for Sewer Construction” 
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can be printed most quickly at reasonable expense if the type used is 
a standard newspaper sisc set on a tyi>esetting machine. These siiea 
are usually what are known as 6-point or 8-point, the former being em¬ 
ployed in this volume for the typical s|wcifieations on page 464, and the 
latter for the quotations on page 447. The main headings in the 
pamphlet are set entirely in capitals, centered in the column, and the 
subheads, which arc also centered, and the side heads at the beginning 
of paragraphs, are set in capitals and lower case letters. The con¬ 
venience of the reader of such small type makes it desirable to have the 
text set in ordinary newapai>er eolunm width, which is about 2-1/4 in. 
(See page 463.) If a page of such type is given a length of 4-1/2 in., 
it has a good appearance on a sheet of paper 4 X 6-1/2 in. in siie, tho 
margins around the tyiie are l.irge enough for notisi and alterations, and 
the pamphlet is of convenient sixe for the [Xieket. The pamphlets are 
bound in hoard covers, using wire for stitching, and a strip of black 
cambric is pasted on the back to strengthen the fold. Pamphlets of this 
style can probably be produced with the maximum rapidity attainable 
in a job printing office, and this spe<‘d is sometimes quite important. 
If the work is done in a hurry, the maximum charge for an edition 
of 100 should not (“xceed •?! per page, both blank and text, the bind¬ 
ing and covers not being charged for; if several days' time is allowed 
for a pamphlet of (54 jiages or more, the price should be much lower. 
In asking for jirices on such work, it is usually desirable to request 
bidders to suggest methods of reducing the coat, for sometimes useful 
suggi'stions can be obtained in this manner. 


A TYPICAL FORM OF CONTRACT USED BY THE AUTHORS 

THIS ACiHEE.VtENT. inadp »nd cntcrral into thi«.day of.in Uw yMt Om 

Thousand Nine Hundred und Koiirteen. by and between. . and 


Hoard of Selpctmori, duly cronittituUKl and clcptod, bereio actiof for tba 
Town of .. und without per»onal liability to theoiaelvMi party of the firat part* 

und . .part .. of the aacond pitfl, 


WIT.S’KSSETH, Thnt iht* parties to theae preaenU. «ach in con«idcr»tioD of the uadat> 
takinga, promwen and agrwmeiife on the part of the other borein contained, haveundertakan, 
promuied and ajtrt«4t<l, and do herohy undertake, promiae and agree, the party of the firat port 

for itaelf, ite auecotteorfi and aanignt, and the part .. of the ncenod part for . 

. . and . ... hcira, eaeculora and adminiatratora or 

aucceasora, aa folluwa' 

Art. 1. Wherever the word* defined in thw article, or pronouna uawl in tbair ateod, occur 
io thia contract and the apeciheationa herein, they ahall have the meacinipi herein fivKi, 

The wofda F*arty of the First Part, above dcaignated. aholl include any board, officer or 
•genta properly authoriied to act for aoid party in the execution of the work oalled for ia thia 
contract (If it la fleairedlo designate the party of the fiwt i»rt apecifieolly. oa the Town 
or the Selectmen, theae worda should be defined. It ia often preferable to do ao where many 
contracts arc made for the aame party ] 

The word Engiooer shnii mean the Engineers for the party of the firat pari, Matealf m 
Eddy, of Boston, Maos , either acting directly or through their properly autborUad agenta, 
auch agents acting within the scope of tlie particular duties intrusted to them- 
Wbersver in the speeiSeaUo&s or upon the drawings the worda directed,'* 
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Quired," "m permitted,” or word« of like import are tiaed it aliall be underitood tint tbe 

direetioo, requirement or pcrmimion of the Eiiitmeer ie underelood, and eimilarlj- the irordi 

"approved." "aeoeptablp, " "ealHfartory " or vorda of like import ahall mean approved by 

or meoeptable aad aatiafiirtory to th#* Efjjfjnr^'r 
The word Contrortor shall mean the party of the second part, above deugcated, or tbo 
legal representative of said party or the agent appointed to act for said party io the per* 
formaocfl of the work. 

The fifures given in the contract and sperihrations or upon the drawings after the word 
elevation or abbreviation of it shall mean the distance in feet above the datum adopted by 
the Engineer. 

Art II. To prevent disputes and litigations, the Engineer shall in all eases determine the 
amount, quality, acoeptability and fitness of the several kinds of work and materials which 
are to be paid for under this contract; shall determine all questions in relation to said work 
and the construction thereof, and shall in all cases decide every question which mdy arise 
relative to the fulfillment of this contract on the part of the Contractor. His estimate and 
deeUion shall )hi final and conclusive upon said Contractor, and in case any question eball 
ariae between the parties hereto, touching this oontract, such estimate and decision shall be a 
condition preemleiit to the right of the Contractor to receive any money under this contract. 

Art. III. The Engineer shall make all necessary explanations as to the meaning and inten* 
tion of the specifications, shall give all orders and directions contemplated therein or thereby 
and in every case in which a difficult or unforeseen condition shall arise in the perform* 
anoe of the work required by this contract. 

Any differences or conflii'ts which may arise between the Contractor and other contract* 
ors of the party of the first part in regard to their w’ork shall be adjusted and determined by 
the Engtnc(>r 

Art. IV. The Contractor shall do all the work and furnish all the materials, tools and 
appiianoes necessary or proper for performing and completing the work required by this con¬ 
tract. in the manner ami within the time hereinafter specified. He shall complete the entire 
work to the satisfaction of the Engineer, and in accordance with the specifications and draw* 
inga herein mentioned, at the prices herein agreed upon and fixed therefor. All the work, 
labor and materials to be done and furnished under this contract shall be done and furnished 
strictly pursuant to. and in conformity with, the attached specifications and the directions of 
the Engineer as given from time to lime during the progress of the work under the terms of 
this contract, and also m accordance with the contract drawings, which said specifications 
and drawings form parts of this agreement. The Information for Bidders hereto attached 
and the Bropussl submitted by the Contractor are also made parts of this contract. 

The Contractor shall conduct his work so as to interfere as little as possible with private 
business and public travel He shall, at his own expense, wherever neoessary or required, 
maintain fences, provide watchmen, maintain red lights and take such other precautions as 
may bo necessary to protect life and property, and shall be liable for all damages occasioned 
in any way by his act or neglect, or that of bis agents, employees or workmen. 

Art V. No night work requiring the presence of an engineer or inspector will be per* 
niltled, except in case of emergeoev. and then only to such an extent as is absolutely neces 
aary, and with written permission of the Eagineer, provided that this clause shall not 
operate in case of a gang organised for regular and continuous night work, and on work 
which «an be. in the opinion of the Engineer, aatiafactoriiy performed at night. 

No Sunday work will bo permitted, except in case of great emergency, and then only with 
written oonseat of tlie Engineer, and to such extent as be may judge to be necessary. 

Artv VI. Whenever the Contractor is not present on any part of the work where it may be 
deured to give directions, orders may be given by the Eagineer, and ahall be received and 
obeyed by the superintendent or foreman who may have charge of the particular work in 
reference to which orders are given. 

Art. Vn. The plans and specifications are intended to be explanatory of each other, but 
should uiy discrepancy appear or any miaunderatanding arise aa to the import of anything 
oontained in either, the explanation of the Engineer shall be final and binding on the Con* 
tractor. Afty correction of errors or omissioiui in drawings and speeifioations may be mads 
by the Engineer when such eorreotioti la necessary for the proper fulfilment of their intenUon 
as eonatrued by him. 

Art. VIII. Necessary aanitary conveniences for the use of laborers on the work, property 
Meludod from publio obtenratioo. shall be ooostruoted and maintained by the Contractor la 
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muAi muuMT Md »i laok poiati m thaU b« i4>praved. and Umat (mm ah^l b« atrietiy aaforoad 

Art. tX The Contraotor shall not permit nor suffer the iauodueUon or use of Intoai* 
eatiac iiquon upon or about the woria embraced In this eontraet. 

Art X. The Contractor shidl commence work within 10 daye after the esecution ot this 
eoatraet by the board at st^h points as the Engineer may approre and akali thereafter con* 
tinue it at such points and in such order of preoedenoe as the Engineer may from time to time 
approve. 

The rate of progress shall be such that the whole work shall be performed in aeoordanoa 
with the terms of this contract on or before. 

In ease the Contractor fails to satisfactorily complete the entire work eontempiated and 

provided for under this contract, on or before.the party of the drat part ahall 

deduct from the payments due to the Contractor the sum of ten dollars (|I0) for each oal* 
endar day of delay, which sum is agreed upon not as a penalty but as Axed and liquidated 
damages for each day of such delay, to be paid in full and subject to no <ieduction. If the 
payments due the Contractor are less than the sunount of suoh liquidated damages, said 
damages shall be deducted from any other moneys due or to become due the Cootraotor, and 
in case said damages ahall exceed the amount of all moneys due or to become due the Con¬ 
tractor, then the Contractor or his surety shall pay the balance to the party of the Drat part. 

The rate of progrem herein required has been purpowiy made low enough to allow for ths 
ordinary delays incident to construction work, of this character. No extension of time will 
be made for ordinary delays and aeoideots, and the occurrence of such will not relieve the 
Contractor from the necessity of maintaining these rates of progress. 

The time in which this contract is to be performed and the work is to be completed is of tbs 
essence of this agreement. 

Art XI. The party of the Brst part and the Engineer, agents and employees of the party 
of the first part may. for purposes already spci'ified and for any other purpose, enter upon the 
work and the premises used by the Contractor, and the Contractor shall provide safe and 
proper facilities therefor. Other eoniractora of the party of the first part may also, for all 
the purposes which may be required by their conlraois, enter upon the work and the 
premises used by the Contractor. 

The Engineer shall be furnuhed with every reasonable facility for ascertaining that the 
work is in accordance with the requirements and intention of this contract, even to ths eiteot 
of uncovering or taking down portions of finished work. 

Art. XII. The inspeotion of the work shall not relieve the Contractor ^ any of hia obli¬ 
gation tofulfil hia cont ract as herein prescribed, and defeeUve work shall be made good and 
unsuitable materials shall be rejected, notwithstanding tbat such work and materials bar# 
been previously overlooked by the Engineer and acoepted or estimated for payment. If the 
work or any part thereof shalt be found defective at any time b^ore the final acceptance of 
the whole work, the Contractor shall forthwith make good such defect, in a manner satis¬ 
factory to the Engineer, and if any material brought upon the ground for use In the work, or 
arieeted for the same, shall be condemned by the Engineer as unsuitable or not in conformity 
with the ^lecifleation, the Contractor shaU forthwith remove sueb materials from ths vi^nity 
of the work. Nothing in this contract shall be construed as vesting in the Contractor any 
right of property in the matmals used after they have been attached or affixed to the work or 
the S(^, but all such materials shall, upon being so attached or affi xed, become the property 
of Uie parly of the first part. 

Art. XIll. The Contractor shall employ enough oompetent men to do the work. If, in the 
opinion of the Engineer, the Contractor is not employing suficieot labor to compieU this 
contract within the time specified, said Engineer may, after giving written notiee, require 
said Contractor to employ such additional labor as may be neeeisaiy to enable said wtffk to 
property progress. 

Art. XIV. The Contractor shall employ only competent men to do the work, and wbm- 
tver the Engineer shall notify the Cemtraeior in writing tbat any mao on the work la, in bis 
opinion, ineompetent, unfaithful, disordtfly or otherwise uoMtisfaetory, or not employed la 
aeeordance with the provisiems of Ar^cle XV, such man shall be cUseharged from the work, 
and lhali not again be employed no it, except with the oemsent of the Engineer. If. in ^e 
opinion of the Eagloeer, the Contractor is not employing sufficient labor to complete this 
eimtraet within the time specified, smd Engineer may, after giving written notiee, reqidre 
•aid Con£raet<w to employ suoh additional labor as may be neoeeeary to enable said wmrk to 
propw^y progress. The Judgment of die Engineer as to whether said work is progreaUg at 
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such a rate u to enable U to be completed at the time herein specified shall be final and 
binding. Any action of the Kogineer under this Article shall not affect the right of the party 
of the first part to annul this oontrart as provided in Article XX. 

Art. XV. The Contractor shall keep himself fully informed of all existing and future 
State and National laws and local ordinances and regulations in any manner affecting those 
engaged or employed in the work, or the rnatonaU used in the work, or in any way affectitag 
the cond uci of the work, and of ail such orders and decrees of bodies or tribunals having any 
jurisdiction or authority over the same; and shall protect and indemnify the party of the first 
part and its offices and agents against any claim or liability arising from or based on 
the violation of any such law, ordinance, regulation, order or decree, whether by himself or 
his employees. 

Art. XVI. The Contractor, in the construcUon of the work, shall give preference in 
employment to oitisons of the Town of . . .. , and where citisens of said Town are not 

available, shall give preference to citizens of the State of. [In some states, 

municipal contracts are required to contain quotations from laws regarding employment 
of lal>or These should be inserted here Tor private contracts, this article can be omitted.) 

Art. XVII. The Contractor shall give his personal attention constantly to the faithful 
prosecution of the work, shall keep the same under his personal control and shall not as- 
stgn by power of attorney or otherwise, nor sublet, the work or any part thereof, without tbs 
previous written consent of the party of the first part, and shat) not,either legally or equitably, 
assign any of the moneys payable under this agreement, or bis claim thereto, unless by and 
with the like consent of the party of the first part. 

Art. XVIII. The lOngineer may make alterations in the line, grule. plan, form, dimensions 
or matenuls of the work, or any part thereof, either before or after the commencement of 
construction; if such slteralioos diminish the quantity of work to be done, they shall not 
warrant any claim for damages or fur anticipated profits on the work that may be dispensed 
with: if they increase the amount, of work, such increase shall he paid for according to the 
quantity actually dune and at the prices stipulaU'd for such work under this contract. 

Art. XIX. The ('oiitracior shall take ^1 responaibiiity for the work, and take all prS' 
cautions for preventing injuries to persons and property in or about the work, shall bear all 
losses resulting to him on account of the amount or eharai'tor of the work, or because the 
nature of the land in or on which the work is done is different from what was estimated or 
cspocUKl, or on account of the weather, elements or other cause; and he shall assume the 
defense of. and indemnify anil save harmless the party of the first part and their officers 
and agents, from all chums relating to labor and materials furnished for the work: to iovsn* 
lions, patents and patent rights used in doing the work; to injuries to any person or corpora 
alien received or sustoinsd by or from the Contractor and his employees in doing the work, or 
in eoiisequenro of any improper matoriaU, implements or labor used therein, and to any act. 
omission or neglect of the Contractor and his employons therein. 

The Contractor shall carry liability insurance or workmen’s compensation insurance, and 
also public liability insurance, together covering bodily injuries to his employees and tbs 
public riwirivml as a consiHiuencc of the performance of work under thin contract 

Art. XX. If the work to bo done under this contract shall be abandoned, or if this 
contract or any part thereof shall be sublet without the previous written consent of tbs 
party of the first |>nrt. or if the contract or any claim thereunder shall be assigned by the 
Contractor otherwise than os herein specified, or if at any time the Engineer shall be of the 
opinion, and shall so oortify in writing to the party of the first part, that the conditions bsraio 
apeeified as to the rate of progress are not fulfilled, or that the work or any part thereof 
is unnecssoarily or unreasonably delayed, or that the Coutraetor has violated any of the pro 
visions of this eontract, the party of the first part may notify the Contractor to ffisoonUnue 
ail work or any part thereof; and thereupon the Contractor shall discontinue such work or 
iueh part thereof as the party of the first pvi, may designate and the party of the first part 
may thereupon, by contract or otherwise as it may determine, complete the work, or such 
part thereof, and eharge the entire expense of so completing the work or part thereof to the 
Contractor; and for such oompletion the party of the first part for ibemselvee or their eon* 
iracton mi^ take poHeeeion of and use or cause to be uned in completion of the work or'part 
thereof any d such materiids. animals, maohinery, implements and tools of every deecriptioD 
M may be found at the location of said work. 

Alt expenses charged under this Article shall be deducted and paid by the party of the first 
part out of any moneys then due or to become due to the Contractor under ihie eontract, or 
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ftay put theraof: wdio Ruch aeeoiuiUAg the party of ib« iirtt port ahail not be hold to oblaia 
tbe loweet ficurm for the work of eompleting the cootraetor aoy part thereof, or for ineuriac 
ita proper eomtdctioo, but ali «uiu« actually paid therefor ahAlI be charged to tbe Cootraottf. 
In oaee tbe expenaea eo charged are lara than the turn which would have beeo payable 
under thie oontraot if the aatne had beeo completed by the Cootractor. the Cootraetor 
ehall be eoUtled to receive the difference; and in caae auoh expeneee shall exceed the Mdd 
•um. the Contractor shall pay tbe amount of the ext'cm to tbe party of the first part. 

Art. XXI. The Cootractor shall pay to the party of the first part all expenses, losses aod 
damages, as determined by the Engim*cr, incurred in eonsequeoce of any defect, omission or 
mistake of the Contractor or his emidoyees, or the making good thereof. 

Art. XXII. The Contractor shat) dnany work not herein otherwise provided for. when and 
as ordered in writing by the Kngiiiecr or his agents specially authorised thereto in writing, 
and shall, when requested by the Engineer so to do, furnish itemisod statements of the east of 
the work ordered and give the Engiiu'cr aeress toaecounts. bills and vouchers relating thereto. 
If the ConlracUir claims rompimsati'm for extra work not ordered as aforesaid, or fur any 
damages sustained, he shall, within one wiHik after the beginning of any such work or of the 
sustaining of any such damage, make a written statement of the nature of the work performed 
or damage sustained, to the EnginivT. and shall, on or before the fifteenth day of the month 
eucceeding that in which any such eitra work shall have been done or any such damage shall 
have lieen sustained, file with the Engineer an lUmiired siHieinent of the details and amount 
of any such work or damage, and unless such staU'iiients shall Imi made as so required, his 
claim for eompensation shall be forfeiU'd and invalid, and he shall not be eniitletl to payment 
on acrount of any such work or daniagi'. 

For all such extra work, the Contractor shall receive the reasonable cost of said work, plus 
fifteen jier cent t)l such eost. iii accorilance with Item 17 iThc references to Items are to 
paragraphs under .\ri XXIV) 

The decision of the Engineer nIihII Im' final u|K>n all questions of the amount and value of 
extra work, and he shall include in surh value the cost to the ('ontraetor of nil materials used, 
of all labor, oommon and skilled, of foremen and teams, and the fair rental of all niachinery 
used u|)on the extra work, for the period of such use. which was iip<in the work before or which 
shall be r«H]uired bv or use<l uix’ti the work after the extra work » done If said extra work 
requires the us«i of innchinery not ujK)n the w-ork or to be us4<d upon the work, then the oust 
of transportation of sueh maehmery to and from the work shall bo addetl to the fair rental, 
but said tran8|>ortation shall iioii'overadis(ane<<eKeccditig .. miles. He shall include in 
the value of extra woi k the cost to the Contractor of employers' liability insurance of work¬ 
men’s compensation insurant e, and also public liability insurance, together covering bodily 
iniiines to his employees aod the public resulting from the extra work. The Engineer 
shall not inelude in the value of extra work any cost or rental of small tools, buildings or 
any {lortiun of the time of the Cniitracttir or his Kuperintendent, or any allowance for use of 
capital, these items Ixung considered as being coviTod by the fifteen per cent, added to 
tbe reasonable cost 

Art. XXIII. The party of the first part may keep any moneys which would otherwise be 
payable at any time hereunder, and apply the same or so much as may be necessary therefor, 
to the payment of any expenses, losses or damages incurred by the party of the first port, and 
determined as herein provideni, aod may retain, until ail claims an* Mdtled, so much of such 
moneys as tbe party of the first part shall he of the opinion will be required to settle all cUiitis 
against the FAity of the first part and their officers and M^ents, and all claims for labor on tbe 
work, and also alt claims for materials used in tbe work or the party of tbe first part mgy m«ke 
such settlements and apply thereto any moneys retained under this contract. If tbe moneys 
retained under this contract are insuffictent to pay the sums found by the party of the first 
part to be due under tbe claims for labor and materials, the party of the first part msy. at 
their discretion, pay the same imd the Contrai'ior and surety shall repay to the party of the 
first part the sums so paid out. The party of the first part may also, with tbe written oon- 
seot of the Cootractor, use any moneys retained, due or to become due under this ooetraet for 
tbe purpose of paying for both labor aod materiais for th<- work, for which oiainis have not 
been filod in the office of the party of tbe first part. While it is understood that tbe security 
required to be given by the Contractor is fumitbed by the Contractor by his giving tbe bond 
accompanying this contract, the party of the first part may, nevertheless, if it shall deem 
it just aa*d equitable so to do. cause any moneys retained, due or to become dua. to be held 
and ^>pUed to the payment for labor or materials furnished or supplied by said CoBtfMhOg 
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torwbi(^h9hM*tk0tm%d(ipTkyment\n full. TbeContraetorBbBilitiuebtimttu moo9ya tn 
payable hereunder, deliver to the Engineer a eworn statement, sbowtog as of that date the 
amount owing by him for materials and labor pcr/urm«d. 

Art. XXIV. Tiao Town ahail pay and the Contractor ehall receive aa full compenaation 
for everythios furmabed and done by the Contractor under thia contract, includins all work 
required but not apecibcally mentioned in the followia£ itema, and alao for all loaa or damage 
ariaiog out of the nature of the work aforesaid, or from the action of the elements, or from 
any unforeseen obstruction or difficulty encountered in the prosecution of the work, and for 
all risks of every description connected with the work, and for all expenses incurred by or in 
eonsequnnce of the suapensi<m or discontinuance of the work as herein specified, and for well 
and faithfully completing the work as herein provided, as follows; 

Item la. For all earth excavation for pump well, and earth excavation in trench from 
surface to depth of not over six (A) feet for sowers, manholes, and other appurtenances, 
including all sheeting, bracing, pumping, back*filiing. resurfacing, etc., and the care of exist* 
ing structures, precautionary measures and all other work incidental thereto, u required by 
the specifications, but not including the earth excavation for that part of the Harboriida 
Mwer to be oonstructed of cast>iron pipe, the sum of.(I... ) per cubic yard. 

Item lb. For all earth excavation in trench below six (6) feet for sewers, etc. (as above 
•tated) the sum of . . . ($ . .) per cubio yard. 

The items inserted here hut not reprinted correspond with those in the "Information for 
Bidders" and the "Bid or Proposal "j 

Item 17. For extra work, if any, performed in accordance with Article XXII of this con¬ 
tract, the reasonable cost of the work aa determined by the Engineer, whose determination 
•hall be final, plus fifteen per cent of such cost. 

Art. XXV. The Engineer shall, once in each month, make an estimate in writing of the 
total amount of the work done to the tune of such estimate and the value thereof. The 
party of the first part shnll retain fifteen per cent of such estimated value as part secunty 
for the fulfilment of this contract by the Contractor, and shall monthly pay to the Contractor 
while carrying on the work, the balance not retained as aforesaid, after deducting therefrom 
all previous payments and alt sums to be kept or retained under the provisions of this con¬ 
tract. No such estimate or payment shall be required to be made when, in the judg¬ 
ment of the Engineer, the total value of the work done since the last estimate amounts to 
less than three hundred dollars (I.'IOO). Payment may at any time be withheld if the work 
is not proceeding in accordance with the contract. The party of the first part may, if 
they deem it expedient so to do, cause estimates to l>e made more frequently than once in 
each month, and they may cause payments to be made more frequently to the Contractor. 
The party of the first part may at their option retain temporarily or permanently a 
smaller amount than is aforesaid, and may cause the Contractor to be paid temporarily 
or permanently from time to time during the progress of the work, such portion of the 
reserve as they deem prudent. 

Tbs Engineer shall, as soon as practioabls after the completion of this contract, midte a final 
eatlmals of the amount of work done thereunder, and the value of such work, and the party 
of the flrat port shall, within sixty days after such final estimate is oo made and is approved 
by the party of the first part, pay the entire stun so found to be due hereunder after dedueting 
therefrom all previous payments and ail amounts to be kept and all amounts to be retained 
under the provisions of this contract, including the two per cent, of the amount of the eon- 
traot to bfl retained os hereinafter provided for the making of repairs. All prior partial 
Mtimatee and payments shall be subject to correction in the final eetimate and payment. 

It is distinctly sgreed and understood that any ohangss made in the plans and speeifiea- 
tiotis for this work, whether sueb changes increase or decrease the amount thereof or any 
change in the manner, time or amounts of payments made by the party of the first part to the 
ConUactor, whether before or after the time for completion specified in this oontraot. duJl 
in no wise annul, release, or in any way affect the Ualulity and surety on the bond ipvea by 
the Contraetor. 

The Contractor guarantees the work done under this contract, and that Uie matariiUs used 
in the eon^yuetion of the same are free from defects or flaws, and this guaranty is for a'term 
of nins months from and after the date upon which the final estimate of the Engineer is 
formally approved by the party of the first part. 

It is hereby, however, ^iweially agreed and understood that this guaranty shall not Ineiuds 
nay repairs ««»**«» neoeasary by any oaiiee or ca u ses other than defective wtuk or materials la 
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the oowtniQtkmof ibeeewM*. The Contreetor eh4U et ell tlmee vithla c«kl term a( i1m 
monthe keep the eurfeoe of the ground over this work, or ndineeat thereto, in tite poidtioa nad 
oonditioo required by thU eoQireet, end refill nny eettlemeBt or eroeioo in the bnek-SUbai or 
nny eurfnee graded by him due to any enuie whnteoever, when id directed by the BngiAeor: 
efaould be fail to do eo, the party of the firet part may have nid work done aa deeerlbed 
below. 

Art. XXVI. The party of the first part may retain out of the mone^ payable to 
CostraetM’ under this contract the sum of two per cent, on the amount thereof, and may 
expend the same in the manner hereinafter provided for in making such repairs td said worii 
aa the Engineer may deem expedient. If, at any time within the eaid term td nine montlu, 
any part of the work contempiated in this contract shall, in the opinion of the Engineer re* 
quire r^miring. the Engineer may notify the Contractor in writing, to make the required 
repmra. If the Contractor shall neglect to make such repairs to the satisfaction of the Engi* 
neer within three days from the date of giving or mailing such notice, then the Engineer may 
employ other ijersoas to make the aamc. The party of the first part shall pay the expense 
of the same out of the sum retained for that purpose. Tpon the expiration of the said term 
of nine months, provided that the work at that time shall be in good ord^, the Contractor 
shall be entitled to receive the whole or such part of the sum last aforesaid as may remain after 
the expense of making said repairs, in the manner aforesaid, shall have been paid there* 
from, but if said expense is in excess of the sum of 2 per cent, retained, the Contractor shall 
pay to the Town the amount of the excess. 

It is, however, agreed that the party of the first part may apply or keep the sum so retained 
to or for payment of other claims arising and made payable by the Contraetor under the pro¬ 
visions of this contract but remaining unsatisfied. 

Art XXVII. Neither the insx^crtion of the party of the first part, or Engineer, or any of 
their employees, nor any order, measurement or oMtifieate by the Engineer, nor any order by 
the party of the first part for the payment of money, nor anv paymimt (or, nor acceptance of, 
the whole nr anv part of the work by the Engineer or {MUty of the first part, nor any exten^on 
of time nor any possession taken by the party of the first part or their emt^oystw, shall 
operate as a waiver of any provision of this oontraot, or of any poww herein reserved to the 
party of the first part, or any right to damages herein provided; nor shall any w^ver of any 
breach of ibis contract be held to be a waiver of any other or subsequent bnaeh. Any 
remedy provided in this eontract shall be taken and construed as cumulative, that fs, in 
addition to each and every other remedy herein provided, and the party of the first part 
shall also be entitled o-s of right to a writ of injunction against any breach of any of the pro¬ 
visions of this contract. 

Art. XXVIII. No person or corporation, other than tbs signer of this contract as Con¬ 
tractor. DOW has any interest hereunder, and no claim sh^l be made or bo valid, and nclthtr 
the party of the first part, nor any agent thereof, shall be liable for. or be held to pay any 
money, except as provided in Articles XX, XXII. XXIII, XXIV, XXV and XXVI. The 
acceptance by the Contractor of the last payment made as aforesaid under the provisiims 
of Article XXV. shall operate as and shall be a release to the party of the first part and 
every agent thereof, from sll claims and liability to the Contisetor for anything done or 
furnished for. or relating to, the work, or for any act or neglect of the party of the first part 
or of any person relating to or affecting the work, czoepi tbs elaini ag^itft the party of tbs 
first part for the remainder, if any there be. of the amounts kept or reiatnod as provided la 
Ardclai XXIfl and XXVI. 

Art. XXIX. The Contractor, by aoeepting and signing this contract, hereby espresriy 
releases and disrharges the individtud members of the party of the first part and each and 
every employee or agent thereof, from any and all personal liability of every n ame and 
nature. 

Art. XXX. The address given in the bid or proposal upon which this contract is 
founded is hereby designated as the place wbete noti<»a, letters and other oommunieationa to 
the Contractor shall be certified, mailed or delivered. The delivering at the Mxrve named 
.place or deposiring in a posHmid wrapper directed to the above place, in any poatoflbi boi 
regiilariy maintained by the Poetoffiee Department of any miiiee, iMtar or other communica¬ 
tion to the Contractor, shall be deemed sufficient service theracd upon the Contractor. Sadi 
address may be changed at any time by an insUumeat in writing, execoted and aeknowledpd 
by the extractor and delivered to die party of the first part. Nothiag btrdn coBtaipad 



462 


AMERICAN SEWERAGE PRACTICE 


•hall be deemed to preelude or render inoperative the eerviee of any notioe. letter or other 
eommunioation upon the Contractor pcnonally. 

In witneM whereof, the Mid. 

party of the first part have hereunto set their bands and seals and the Contractor has alao 
hereunto set his hand and seal, and the party of the first part and Contractor have executed 
this agreement in duplicate, one part to remain with the party of the first part and one part 
to be delivered to the Contractor this.day of .in the year one thou¬ 
sand nine hundred and fourteen. Town of. by 

. (Seal) 

.(Seal) 

BOARD OF SELECTMEN 

.(Beal) 

. (Seal) 


A TYPICAL FORM OF CONTRACTOR’S BOND 

Know all men hy these preM>nts, 

That we . as principal: and 

as surety, 

are Iwld ami hrmly )>t»uml unto the Town of in the sum of Five Thousand 

Doltan (9.M)0()) lawful money of the I’nited States of America, to be paid to the Town of 
or to its attorney, Huceessors or assigns, for which payment, well and truly to be 
made, we lund oursi-lves, our surressors and our several and respective heirs, executors and 
adfii'oistrators, jointly and w-veralty, firmly by these presents 

WHEREAS, the above boumlcii . . .. . 

has made a contract with the Town of , bearing date the day of 

]IH4, to furnish mati'riiil and labor for, anti in good, sufficient and work¬ 
manlike manner, construct sewers in the Town of . - ■ . together with all the work 

incidental thereto 

Now, TllEREFttUK, the condition of this obligation is such that if the said principal 
shall well and truly k<H‘p and perform all the agreements, terms and conditions of said con¬ 
tract on part to be kept and performed, and shall also pay for all labor per¬ 

formed or furnisiied, ami for all materials used, in the carrying out of said contract, then this 
obligation shall l>e void, otherwise it shall remain in full force and virtue. 

In witness whereof, the said of 

has hereto set hand and s<*al and the said 

of . . 

has caused these pn-sents to be exi'euted by its duly autlioriseil officers and its corporate seal 
to be hereto affixid this day of 1914. 

. (Seal) 

CONTRACTOR. 

.(Seal) 

Signed and sealed in the proM'nce of ... 

TYPICAt GENERAL SPECIFICATIONS 

It is the practice of the authors to print a descriptive head over 
each numbered clause in both the general and technical specifications 
prepared in their offices. Their purpose is indicated by a note at the 
beginning of the Contract, stating that such headings in the pamphlet 
containing the Information for Bidders, Contract and Specifications 
are inte^ed only for convenience of reference, and do not form a part 
of either the Contract or Specifications. These headings are omitted 
in the following specifications, as each engineer will probably prefer 
to prepare ids own, but they should always be inserted on account of 
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the assistance they give in finding rapidly the requirements relating 
to any subject. For the same reason, a good index to the specifica¬ 
tions is very desirable. The authors prefer to use Roman numerals 
to designate the clauses of the general specifications and Arabic num¬ 
erals for the technical specifications. The clauses of a general nature 
which are given here must be considered merely as illustrative of 
the class of information appropriate under such a head, and not as 
models to be copied. 


CONTRACT 

Art III. The Engineer shall make 
all neeessiirv explanations as to the 
meaning and intention of the specifi¬ 
cations, shall give all orders and di- 


CENKRAL SPECIFICATIONS 
Order of Work 

Section 1\'. The order or sequence of 
execution of the work and the general 
conduct of the work shall lie subject to 
the approval and direction of the Engineer, 


VITRIFIED PIPE 
Item 7 

Description of Pipe 

Section 7.1. The vitrified clay pipe used 
on the work shall be made of satisfactory 
material, thoroughly vitrified, well and 
evenly salt glaziS fioth inside and out¬ 
side, free from cracks, warjis, fire cracks. 


Excerpts from specifications illustrating typographical style and method 
of numbering clauses. 

I. The work horata Bpeei&fld to be done coaeiste of fiirtuehins rasteriala for and tbe 

eemvirueUon of teweri io th« villane of. . Town of , Mniae. 

II. Tb« Contmetor sbnli furcufa nod do evOTythinc. eicept m horeia otherwine providod, 
necesMuy to eompleto tbe work in nccordnnoe with the terioa of thie oootraet and with tb« 
avguiremenu of tbe Eojiiooer thereunder. He in to rnnke the requudta eienvnUone Iw 
buii^nt the vanoue etnictaree; to do all ditching, pumping, bailing and draining, aU eheet* 
log. ahoring, bracing, eofferdamming and cupporting, all fencing, lighting and watching; 
to make all provinoni aeeeeeary to nmintain and to protect eidating etructurac of whaterer 
kind; io’repair all damage done to euch ctructoTM: to oonetruet all brick, eooerett, and 
■tone work; to aet in place ironwork; to refill exeavatione ae raqoirad; to rinar avajr nU 

m 
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Md iMpeotlon of motoriab and lurk ahall at all lim" a lumdita* 

*l.y. in h«uU,D, ,h. m.u,r„.lZvlr *”■ ““ ““ 

trustor, who rf,.ll provide amtablo and a.ioqu.Zto^Z'^Z^ ^ '^"■ 

man of Iho work and bo ronponiiible for anv bui t 1 matenala during the prog- 

untd the final «,copta„e, of the ooraplrl,^ Zk °'’ *" 

.hall 'b. ™tiZl^Th.ZpprovZrdZrZ,on "a”'?' ““ *“* 

■hall, however, in no wieo affect in the eond r r ta '*'it>cii approval or direction 

t»ctor, ■" of “■« re.pon«bihty of the Con- 

pZideZhlZZ^ex'Zn'otrhZ^^^^^ ‘‘T ‘^“»‘«otor, who .hall 

Engineer. ’ '"““"n'" ‘“d wwietanoe a. may be required by the 

leveU and «t«dcV,*!ZTy'tZEtZ”wZZZU b°"lZ ^ ‘•'O «»«■• 

workmanlike manner, in aceordance with the niao ZZ ‘ “'“'■“““'■'l' •“Iwtantial and 
him, eubjeet to eueh mml.fieation, and iLduionZ“hah T ’”'“"’o 
it. eMcution, and m no cimo .hall anyZrk m r.eZ ofth T W'" ‘‘“d”* 

ZfZkZ”'' '"7"'-“ ■“ * •'V .aK^ngineZ ° '-o- 

neer, otdoneZZ Jhr.lZZTZZ,‘''''"or by the Engi- 
earept when eueh work i. authoriieil by the a"''”""”'"'’ "‘"."o' M«i>»ated or paid lor 

bottom of the in.idc of the pipe, whether lZdiZ’tlv'’°''”'”a“ ""•» ‘be 

and moMurement. of the depth of e.eavation 77? ' 

depth of two-tenth. ( 0 . 2 ) of a f„„, below thi.ZZT * '“o'* "'oavation) .hall be to a 
comitrueted, in which cane it .hall bZo a .t’Z?;’a'"'."T* a concrete cradle is 

pmieline. In the ei». excav.,mZhe'r <" ’> ‘ f-'o* -a-d 

(0.4) of a foot below and grZ Ze exZnZr "o »‘*•'0“' «v.-mnth. 

®«e it shall be to a depth of thirty-threo hundri^bh^ "* >*> which 

VIII. The trench line ZeZd toZZn Z ‘ ‘f "“-f* '‘ne. 

whioh the pipe is to bo laid They ahail bo * vortical planes between 

trench-width of three (3) Tiw .hZZZuiZl b“• « 

IX. The Contractor .Wi n* 7 ‘‘■'""“•i”- -lay be. 

naaupy with men, tool, or material any hmd 

or material, any land outaide the property of the Town. 



CHAPTER XVII 


TECHmCAL SPECIFICATIONS 

Specifioationg must not only describe accurately and oleariy the 
classes of materials, character of work and other features of the obliga¬ 
tions assumed by the Contractor, but must present this information 
in such a way that it explains just what must be furnished by the 
Contractor for the price named under each item of Ws “bid or proposal." 
Some engineers prefer to include all excavation, bracing, bailing, pipe 
and specials, pipe iaj-ing and backfilling under a single item, obtaining 
a unit price per foot of completed sewer for each siie of pipe; others 
prefer to buy their pipe and specials under a separate contract, and to 
pay the contractor for trench work in one item and pipe lajing and joint¬ 
ing in another. Consequently the actual form of many parts of speci¬ 
fications intended to cover sewers of exactly similar character may vary 
widely on account of this difference of opinion r^arding the best sub¬ 
division of the work for purposes of payment. Again, some engineers 
prefer to give a contractor a much wider range of choice in the methods 
of construction than other engineers consider advisable, and this differ¬ 
ence of opinion is strongly shown in a comparison of some specifications 
for the same class of structures built under the same conditions. 

The form of the authors’ specifications is now based on the arrange¬ 
ment of the itenas in the “bid or proposal.” In the case of the contract 
citedinChapterXVI, for example, the items were: 1. Earth excavation; 
2. rook excavation; 3. concrete masonry; 4. brick masonry, and so on. 
The specifications were arranged with the general clauses relating to 
the location and nature of the work, the inspection, the lines and grades 
and such matters, at the beginning, each of these clauses having a Roman 
number. The technical clauses came next, arranged in the order of 
the items in the bid. Under earth excavation, for example, there were 
13 clauses, each of which was designated by a decimal number. 'The 
fact that a clause related to the first item was indicated by the number 
1 preceding the decimal point, while the number 12 following the 
decimal point indicated that the clause was the twelfth relating to 
earth excavation. This arrangement and numbering is decidedly 
helpful in keeping the relations of the bid and the specifications dearly 
in view at all times. But such an arrangement is not necessarily the 
most convenient for a general study of the technical features of speeifica- 

SAS 
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tions, and Jn what follows each subject has accordingly been taken up 
as an independent article, with its clauses numbered consecutiVeiy. 

The following general requirements for sewers are based primarily 
on the specifications prepared by the authors in collaboration with J. B. 
F. Breed, Chief Engineer of the Commissioners of Sewerage at Louia- 
ville, Ky., under which about 85 contracts were executed and about 
$3,300,000 spent, without any successful attack being made on them. 
As some of tl>e contracts were taken at low unit prices, it is reasonable 
to assume that the stipulations were scrutinized minutely by numerous 
comjietent critics searching for every point of attack where there was 
any prospect of succe.ss. In addition to these Louisville specifications, 
the specifications prepared by E. J. Fort, Rudolph Hering and A. J. 
Provost, Jr., wluch were printed in the 1912 “Proceedings” of the 
American Society of Municipal Improvements, and the “Standard 
Specifications for Construction of Main and Branch Sewers” of the 
Philadelphia Bureau of Surveys have received special study, and the 
requirements of a number of cities regarding certain features have been 
obtained. It is believed that the following techical specifications reflect 
as well as practicable the incscnt state of the art of American sewerage- 
practice. 

There are certain omissions which will be evident at once to the ex- 
ixsricnced engineer. One of these omissions is the absence of any cast- 
iron pipe siwcificatious, which is due to the jmssible revision of the 
specifications of the New England Water Works Association and 
American Water Works Association for the purpose of bringing them 
into practically complete harmony. Neither arc there any specifica¬ 
tions for pavements laid over sewer trenches after the latter arc filled, 
because such siMa-ifications have to be drawn in most cases to meet the 
local conditions of every street. The most important thing to specify 
is the thorough consolidation and rolling of the subgrade, so as to 
prevent any settlement of the backfilling after the pavement has been 
telaid. As the torn-up pavements arc usually somewhat worn, it 
will bo impracticable in most cases to replace them with a strip of pave¬ 
ment of the original height of the old work, as that would leave a ridge 
running along the roadway. The authors’ experience leads them to 
believe that usually the safest way to avoid controversy is to require the 
contractor to “reconstruct” torn-up curbing and roadways in accord¬ 
ance with the drawings and the lines and grades given by the Engineer. 
To emphasize further that reconstruction is contemplated, the authors 
require the contractor to replace or replenish with new materials of 
similar tind and of a quality satisfactory to the Engineer all paving 
materials and curbing lost or damaged in handling or insufficient in 
quantity to complete the reconstruction of any block between adjacent 
streets. In case a new pavement is desired, the local specifications 
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should be used il the Street Department so desires; otherwise the stand¬ 
ard specifications of the American Society of Municipal Inprovemonta 
may be studied with profit. 

The authors repeat that in some respects the following specifications 
are not those used in their own practice, but arc believed to be repre¬ 
sentative of the general opinion of sewerage specialists in 1914, so far 
as it can be learned. 


ART. i.-EXCAVATION 

1. No treoch abiUl bo opeowl more tbao 200 ft. io Advance of the completed eewer, with¬ 
out the written permimton of the Kofrioeer. Every trench in rock thnli be fully opened at 
least 30 ft in advance of any place where masonry or pipe is being laid. In bad ground, 
such as running asnd. the work shall be proseoutm) vigorously night and day without 
interruption, when ordered by the Engineer. Trenches for house drains shall not be 
opened on both sides of the street at the same time unless permission has been previously 
obtained to close the street Unless otherwise directed, each trench for street inlet or catch* 
basin connections and bouse drains shall bo eicavated for its entire length within the street 
lines before any pipe arc laid in it. 

2. The‘'linesof excavation’'of trenches in earth and rock for pipe sewem. eonnectioM with 
street inlets and catch-basins, and houst* drains, not over 18 in in diameter, sliiUl bo such as to 
give a clearance of at least 0 in on each side of the barrel of the pip<“, and a eloaranee of at 
least 8 in. on each side of the barrel of the pipe when the latter has an inside diameter exceed* 
ing 18 in. All trenches shall have a clear width Uaween “ lines of excavation ” equal to Uie 
maximum widths of the cradles of the sewers laid in them when such cradles are wider thwi 
the widths stated in the last preceding sentence. The “lines of excavation’* of trenches in 
earth and rock for sewers other than pipe sewers shall be separated by a distanee equal to the 
greatest external width of the structures to be built in them, including the nec«sary forma. 

3. Trenches ^all be excavated to the depths required for the foundations of the sewers 
and appurtenances shown on the drawings, and, where oondiuons make it necessary, to such 
additional depths as may be directed by the Engineer. In no case shall earth be plowed, 
scraped or dug by machinery nearer than 6 in to the finished subgrade; the last fi In. shall 
be removed with pick and shovel just Iwfore placing the masonry. 

4 . Excavations directed to bo made below the masonry, pipe or underdrain shall be 
refilled with gravel, broken stone or other approved material, spread In layers not more than 
4 in. thick, and thoroughly moistened and tamped. The measurement of this refilling shall 
be in place io the work, and the price agreed upon under Item . . . shall include the cost of 
furmshing, placing and eonsobdating the material and all other work incidental to it. 

6. The minimum dimensions of the excavation in earth for a manhole, eatob-basin, 
receiving basin, riser, street inlet or other special structure shall be those of a prism with 
vertical sides and a horisonlal section equal to the smallest section which will include aueb 
special structure its foundations and. in the case of concrete structures, space not exeasd- 
iog 6 in in width for the proper placing and removal of the necessary forms. 

e. Rook, wherever used as the name of an excavated material, shall mean boulders 
exceeding 1/3 cu. yd. in volume or solid ledge rock which, in the opinion of the Engineer, 
requires for its removal drilling and blasting, or wedging, or ried^ng or barring. No soft 
or disintegra t'od rock which can be removed with a pick, no loose, shaken or previouriy 
Masted rock, no broken stone in rock fillioipi or ehiewhere, and no rock which may fall Into tbs 
trench from outaide the limits of excavation shown on the drawings will bs msasursd or 
allowed. 

7. In rock tbs trench shall be carried 6 in. below the Invert grade of a pipe sewer when no 
uhdenirsin is required; if an noderdrain is required the trench shall be carried to the depth 
end width required by the underdrain and gravri or broken stone refilling, as shown in Uis 
drawings. In the case of masonry sewers the rook shall be exeavatod to the depths required 
for th * foundatioiis and to a width ® in. greater on each side than that of the masonry. T%a 
minimum dimensions of the exeavatkm in rock fw a manhole, cateb-bario, flu shd a tik « 
ofhtT ipirrisl tfmtiTirn THf‘ bsthossofapriam with tartisal sides and ahorispa t al tMtfpB 
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0 io. wider oo each aide tiiaa the amaJiest rcctaoirle which will enclose such structure and 
its foundation. 

8. Book shall be stripped in sections which, unless otherwise permitted, shall be not leas 
than 60 ft. in length, and theEngineer shall then be notified io order that be may measure it. 
Rock blasted before such measurement is made will not be paid for. 

0. Wherever a branch for a proposed sewer or extension of a sewer is built in roek, the 
required trench shall be excavated for a distance of not less than 6 ft. beyond the end of such 
branch, in the direction of the proposed sewer or extension. 

10. All existing gas pipes, water pipes, steam pipes, electric conduits, sewera, drains, fire 
cisterns and hydrants, railway tracks and other structures which do not, in the opinion of 
the Engineer, require to be changed in location, shall be carefully supported and protected 
from iniury by the Contractor, and in case of injury they shall be restored by him, without 
additional compensation, to as good condition m that in which they are found. Where 
pipes, conduits or sewers arc removed from the trench, leaving dead ends in the ground, such 
ends shall bo carefully plugged or bulkheadcd with brick and mortar by the Contractor, 
without additional rompensatiun. 

11. Whenever it becomes necessary, in the opinion of the Engineer, to change the loca¬ 
tion of any sewer, drain or other structure, not otherwise provided for in these specifications, 
the Contractor shall do the whole of the work of making such changes, or such portions of it 
os the Kogim>er may direct, and the work will be paid for as extra work. 

12. The Contractor shall provide without additional compensation suitable temporary 
channels for the water that may flow along or across the site of the work. 

1.1. If the bottom of any excavation is taken out bi'yond the limits shown on the plans or 
prescribed by the Engineer, it shall be refilled at the Contractor's expense with concrete or 
other acceptable material in such manner as the Engineer may direct. 

14. It is the intention to leave all paved surfaces over or adjacent to the sewer at the close 
of the work in gwid condition, and to that end the Contractor will be required to remove 
carefully and conserve free from any admixture of other materials all surfacing and paving 
materials and curbing disturbed, and to replace the seme as directed in Article .... [This 
article should contain the local specifications, with any needed changes, for the classes of 
pavements used on the streets in which cuts are made; Ihes^* reciuirements are so varied that 
even a summary of them would be out of place here } When the removed paving materials 
or curbing are lost, damaged or insufficient m quantity to complete the reconstruction of the 
pavement, they shall be replaced or supplemented with new materials of similar kind and of 
a quality satisfactory to the Engineer 

18. Unless permission is given to tlie contrary, the material excavated from the trench 
and the materials of conslruclion shall be so deposited and the work shall be so conducted as 
to leave open and free for |>pdestrian traffic all crisiswaiks, a space on each sidewalk not less 
than ono-tiurd of the width of the sidewalk and not Icm than 3 ft in width, and for vehicular 
traffic a roadway not less than 8 ft. in width. All street hydrants, water gates, fire alarm 
boxM and letter boxes shall be kept accessible for use. Not more than . . . lin. ft of side¬ 
walk shall be us(‘d at any time for storage of materials from any one trench. During the 
progress of the work the Contractor shall maintain crosswalks, sidewalks, and roadways in 
satisfactory condition, and the work shall at all times be so conducted as to cause a minimum 
of inconvenience to public travel, and to permit safe and convenient access to private and 
public property along the lino of the work. 

16. Z^iwns on which excavated material is planed or walls which support it must be 
protected by planks or canvas. 

17. If all excavated material cannot be stored on the street io such a manner as to main¬ 
tain the traffic conditions specified in clause 15 of this article, the surplus shall be removed 
from the work and stored. After the construction of the sewer, so much of this material as 
is of satiafaetory quality and necessary for the purpose shall be brought back and used for 
backfiUing the trench. 

18. When directed, in built-up districts and in streets where traffic conditions render it 
neoeesary, the material excavated from the firet. . . ft.oftrenchesshaUberemoved by the 
Cootrao||tr as soon as excavated, and the material subsequently excavated, if suitable for the 
purpoee, iffiall be used to backfill the trenchee In which the sewers have been built, and 
iieither the excavated materia! nor materials of constniction shall be stored on tbe roadways 
or sidewalks. 

10. When required by the Engineer, suitable fences aball be placed along the sidee and 
ende cd the trMohes to keep tbe streets safe for traffic. 
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ao. Tttnnellii* will not be eliowed witbout the epptorej of the Enfineer, and the method 
« ^m^nc and the loeaUon of all ahafta, poriab and meohanieaJ plant uaed in the 
operatioM ahali ^ be eublect to bU approval. All tunnels shall be equipped with a suA- 
oient number of lights to Insure proper work and inapeoaon. A supply of fresh air suAeirai 
for the safety and e Aoiency of workmen and engineers shall be provided at aU Umes through¬ 
out the length of any tunnel and especially at the headings. Additional UghU and ventila¬ 
tion ahaU be suppUed whenever directed by the Engineer. Headings are to be driven in both 
directions from the shafts, unless otherwise directed by the Engineer. 

21. When earth excavation is paid for by the linear foot, the length to be paid for, whether 
in trench or tunnel (except where tunnel excavaUon is paid for under a special Item) be 
the actual length in linear feet of the sewer constructed between the stations defining ths 
limits of the portions included in the item for ouch excavation. 

22. When earth excavation is paid for by the cubic yard, the quantity to be paid for shall 
be the number of cubic yards of material, exclusive of that paid for as rook excavation under 
Item . . ., that would have been removed if the excavation were everywhere in trench and 
exactly to the depth of the bottom of the masonry, or of the platform under the masonry, or 
of the barrel of the sewer pipe, and were carried to the “lines of excavation " shown on ths 
drawings and defined in Clause 2 of this Article 

23. When so designated, the excavation for special structures shall be paid for by tbs 
lump sum. 

24. The prices agreed upon for earth and rock excavation and refill under Items . . . and 
. . . shall include the cost of all exc.avation and refilling, the removal of and delay or damage 
occasioned by any timber or masonry structures or other obstacles (whether shown on the 
drawings or not), the disposal of excavated material by removal or by refilling trenebee (in¬ 
cluding rolhng, ramming and watering this material where required), refilling in tunnel with 
oonereUs, sand or gravel: sheeting and bracing in open cut and in tunnel, timbering left In 
place in tunnel, bridging and fencing and removal of same, coffer damming, diking, pumping 
and bailing and other methods of disposing of water and sewage in or alongside the trench, 
protection mid restoration of buildings, fences, existing conduits and fHpet with their appur¬ 
tenances, reeoiistruction of street psvomenta, sidewalks and grass plots, provision for ths 
secommodstion and protection of travel, and all other work incidental to the exoavation, 
except that earth excavation and gravel refilling in trench below masonry, in accordaOM with 
Clause 4 of this Article, shall be included in and paid far under Items . . . and .... 

25. The quantity of rock excavation to be paid for under Item . . ..shallbetheoumberof 
cubic yards of ledg^ r( ck or boulders, in place as if measured Iwfore excavation, that would 
have been removed if the excavation had been made everywhere exactly to the depth of the 
bottom of the concrete masonry and to the limits stated in Clause 7 of this Article. Ths 
quantity of exoavstioD in tunnel to be paid fur under Items . . . and . . . shall be the earth or 
rock lying within the “lines of exeavattun" indicated on the drawings. Wherever deemed 
neewsary by Uie Engineer and ordered in writing, additional rock excavation shall be per¬ 
formed and will be measured to the lines stipulated by the Engineer and paid fctf at tbs pries 
stated in Item .... 


ART. 2.—SHORING 

1. The Contractor shall fumish, put in place and mainuin such shssting, bracing, ste.. 
as may be required to support the sides and roof of the excavation and to prevent any move¬ 
ment which can in may way iniure the masonry, diminish the necessary width of the exea- 
vation, or otherwise injure or delay the work or endanger adjacent pavements, buildings or 
other structures. If the Engineer is of tne opinion that at any pointa, suAcient or proper 
supports have not been provided, he may or«ler additional supports put In at tbs expenas 
of the Contractor, and the compliance with such orders shall not release the Cotitraoior from 
his respouibUity for the suAciency of auob supports. Care shall be taken to prevent voids 
outside of the sheeting, but if voids are formed they shall be immediately filled and rammed 
to the satisfaction of tbe Engineer. 

2. • The Contractor shall leave in place to be imbedded in tbe backfill of the tianch all 
■heet.ing. bracing, ete., not so shown on the plans which tbe Engineer may direct in writing 
to be left in ptaee. The Engineer may direct that timber used for sheeting and braciag In 
trench b^eut off at any specified elevation, in which case the Contractor shall be paid few M 
amount equivalent to what wotdd have been Mt in tbe ground bad the shastiug been eut off 
nt an idrration 3 ft. higher, provided that tUa higher dbration dote not earry i&tn tha ncA 
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higher eet of sheeting, in which latter case payment will be made only for the sieetingr below 
the top of the act in wlurh the cutting is made 

3. For the purptme of preventing injury- to persons, corporations or property, whether 
public or private, the liability for damag>*« on account of which is to be assumed entirely and 
soJely by the Contractor umior this contract, he may also leave m place to be imbedded in the 
backfill of the trench any and all sheeting, bracing, etc, in addition to that shown on the 
drawings or ordered in writing by the Engineer to be left in place, except that no sheeting 
and bracing which is within 4 ft. <kf the surface of the street may bo left in place in the trench 
without written permission from the Enginei'r. 

4. All sheeting and bracing whirh may not be left in place under the foregoing provisions 
of this agreement shall bo removed m such niannor as not to endanger the eonstructed sewer 
or other Htructures, utilities or property, whether public or private All voids left or caused 
by the withdrawal of shoi'ting shall he immediately refilled with sand, by ramming with tools 
specially ailaptiHi to that purpose, bv watering or otherwise os may bo directed. 

5 Ail sheeting and bracing used in tunnel shall be left in place except when removed by 
permission of the Enginwr. 

0. The right of the Engineer to order sheeting and bracing left in place shall not be con¬ 
strued os creating any obligation on his part to issue such orders, and his failure to exercise 
his right to do so elmll not relieve the Contraetor from liability for damages to piTsons or 
pro|»erly occurring from or upon the work of constructing the sewer occasioned by negligence 
or otherwiw*, growing out of a failure on the port of the Contraetor to leave in place in 
the trench suffieient sheeting and bracing to prevent any caving or moving of the ground 
adiaeent to the banks of tin- trench 

7. For the sheeting nn<l bracing which is shown upon the drawings to be left in place 
either in tunnel or in trench, tin* Contraclor shall r<*ccive no payment, it being understood 
and ugrwd that his conipeusation therefor is included in the price to be paid for excavation 
and refill 

For all tinib4>r used for sheeting, bracing and coffer damming actually left in the trench, 
which IS not shown upon the plans to be left in place, but which shall bo ordered by the Engi¬ 
neer in writing to be left m place to bo iinbedd«*d in the backfill at any time during the pro¬ 
gress of the w'ork, the rontractorshall be paid the sum of $ . . . per thousand feet B M.; 
this dot's not include any tinibt^r in tunnel umler lt4!m . . 

For all timber used for sheeting, bracing, etc , which is not shown upon the drawings to be 
left in place and which shall not bo ordered by the Engineer in writing to be left in place dur¬ 
ing the progress of the work, but which shall be actually left in the trench for the eouven- 
lenro or to subserve the interests of the Contractor, the Contractor shall receive no payment, 
it iieing iinderstfMxl and agreed that his compensation therefor is includud in the price to bo 
paid for cKcavation and refill 

For none of the sh«H‘titig, bracing, etc., which shall be removed from the trench nor for the 
cost of removing the same sliall any payment be made, it being understood and agreed that 
the compensation ihi-refor is included in the price to be paid for excavation and refill 

ART. 3.—BLASTING 

1. All blasting otwrations shall be conducted in strict accordance with existing ordinances 
and regulations ndahve to rock blasting and the storage and use of explosives. Any rock 
excavation within .I ft of a water or gas mam less than 36 in in diameter and wnthm 10 ft. 
of a water or gas mum 36 in or more in diameter shall be dune with very light charges of 
explosive, and the utmost care shall be used to avoid disturbing the main. 

3. Alt exposed sewers and special structures shall be carefully protected from the effects 
of blasts, and any damage done to them by blasting shall be promptly repaired by the Con¬ 
tractor at his own expense Suffioient warning shall be given to all persons in the vicinity of 
the work befon^ blasting The site of the blast shall be covered with heavy timliers. blasts- 
ing mats or other devices to prevent damage by flying rock. The time of blasting and 
the number and site of charges shall be satisfactory to the Engineer. The blasting ^haU* 
be done dlly by eiyierienoed men. 

3. Where Umo an no local ordmaneea governing blasting and the storage of explosives, 
idl blastiDC twppHns aboU be stoied in a manner approved by the Engineer, and a watchman 
than bsstatiMtd at all times at the places of storage In no case shall caps or other es- 
idodws ba ks0 al the place where dynamite or other explosive is stored. 
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ART. 4.-P0MPING, BAIUNG AITD DRAmiNG 

1. Tbe CoQtrftftor nhall remove by pumpinc, bailing or othenrbe uy water whioh may 
accumulate or bo found in tbe trenche* and other eieavationa made under thie eontraot, and 
shall form all dame, flumeii or other works neoossary to keep them entirely clear of water 
while the sewers sod their foundations, if any, are being constructed Newly laid masonry 
shall be protected from injury, resulting from the uowatering work and plant, by the use of 
canvas, tar paper or by such other sufficient methods, as may bo apiuxived. The Contractor 
shall at all times have upon the works euffinent pumping marhinery ready for immediate use. 

2 When directed by tbe Engini>er. the Contractor shall lay a terra-cotta pipe with open 
joints, beddinl in small gravel or stone crushed line, in the trench below the foundation of the 
sewer for suli-eoil drainage I’nless otherwise urder«Hl, this pipe shall he .5 in. in diameter; 
the laying of these underdrains shall be paid for at the prices named in Item . . . 

3. Water from the trenches and excavations shall be disposed of in such a manner as wdll 
not cause injury to the public health nor to public or private property, nor to thr work eom* 
pleted or in progress, nor to the surface of the streets, nor cause any ioterferenoe with the use 
of the same by the public 

4 Whenever so directed by the Knginecr, the Contractor shall excavate a trench from 
cither or both ends of the sewer to a natural water-course, whether the excavation bn in earth 
or rock, The work shall be dune in accordance with grades and dimensions furnished by ths 
Engineer, and tbe Contractor shall be paid therefor at the prices stated in Items . . . 
and . . 


ART. s.-BACKFIIXmG 

1 Unless otherwise directed, all t renches and excavations shall be Tiackfilted as soon as 
the cement in tho structures placnl therein has acquired a suitable degree of hardness, and 
the work shall be prosecuted expi'diliously after it has linen eoriimenend 

2 Fur a depth of at least 2 ft over tbe tup of sewers, basin connections, house oonneo- 
tions and other drams, the material used for backfllling (nmrhes shall bn clean earth, sand or 
rock dust In the case of pi|><- sewers, tho space between the pipe and the bottom and sides 
of the trench shall be packed full by hand and thoroughly tamped with a shovel or light tam¬ 
per, as fast as placed, up to the level of tho top of the pipe The filling shall bcoarried up 
evenly on both sides The pipe shall then be covered by hand to a depth of at least 2 ft. 
above its top. and at least one man engaged m tamping shall lie provided for each man sbov- 
eling filling into tho trench The material shall be deposited carefully in tbe trench to 
avoid injuring the sewer, and in ease it is placed in layers these shall not exceed 6 in. in 
thickness and each shsll Ih* carefully and solidly tamped with appropriate tools in such a 
manner as to avoid injuring or disturbing tho completed a<‘wer In the case of masonry 
sewers tbe backfilling below an elevation 2 ft above the top of tbe sewer shall be deposited 
in layera not over 0 in. thick, each layer being leveled, wet if required, and thoroughly 
tamped before tbe next is placed, care being taken not to disturb or injure tbe sewer. 

3. Tbe remainder of the trench, above an elevation 2 ft. higher than the crown of tbs 
sewer, shall be backfilled with approved material free from organic matter, no layer to be 
more than I ft thick and each layer to be tborougbly tamped with rammers weighing sot less 
than 20 lb before another is deiKwiii^d. Where tbe trench is not in a paved street, at IsMi 
one man tamping shall be provided for every two men shoveling. Where the trench is in a 
macadamised or paved street, the material shall be spread in layers not over 0 in thiek. and 
thoroughly rammed, there being provided one man ramming for each man shoveling. Un¬ 
less otherwise shown on the draa-mgs, trenches shall be backfilled to tho height of tbe lurfaos 
of the ground as it existed at the eommenoement of tbe wr^k Should then* be a defieiency 

pn^r material for tbe purpose, tbe ecmtractiv shall furnish and place such additional 
material as may be required 

. 4. No heavy rock shall he dropped into the trench until there is at least 3 ft. of ftU omr 
Idle tdp of the sewer, and in depositing rock in the aewer, care must be taken that tbs nxA 
does not injure tbe structure. All spaces between pieces of rock shall be filled with sarlb to 
Insure there being no voids. 

S. Where tho backfilling can lie compactMl in a suitable manner by flooding or puddUng 
with water, the Contractor will be permitted to do so. but he shall furnish tbs water at Us 
own expense. 
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6. When abeetioc >« drawn, alt oavitiea remoininc in or adloining the treneb ahol! be 
Kdidiy filled. When ebeeting ie left in place, oil cavitiee behind such sheeting ■hall be folidbr 
flUed. 

7. BaokfllHog within 2 ft. of manholes, catch*baains, fiusb'tanke and other apeoial itruo- 
turee ehall be of the same quality as that specified in Clause 2 of this section. It sbal! be 
uniformly deposited on all sides and, unless otherwise permitted, solidly tamped in suoh a 
manner as to avoid injuring the structures or producing unequal pressures on them. 

8. Where the crown of the sewer comes close to the surface of the ground or extends 
above it, it shall be covered by an embankment at least 3 ft. thick over the top and sides of 
the sewer, with side slopes of at least 1 on 1>1 /2 to the B"rfaoe of the ground. Wberesuch slopes 
would extend into or obstruct a natural water-course, street or private property, the Con¬ 
tractor shall retain the slopes by rubble masonry walls, and when ordered by the Engineer 
the sewer shall be covered to a depth of 6 in. with concrete and plastered with Portland c^ 
ment mortar. All manholes are to be protected, if necessary, by an embankment at least 
3 ft thick around the shaft to an elevation at least 3 ft above the top of the sewer. 


ART. 6.-Pn.ING 

1 Piles to carry a plat form or cradle shall be driven in all soft or marshy soil where directed 
by the Engineer or shown on the drawings They are to be driven to refusal, or as may 
be otherwise directed, with a hammer weighing at least 2000 lb , subject to the approval of 
the Engineer Kefusa! in general will be indicated by a penetration not exceeding 1 in.e pr 
blow under the last six blows of a 2000-lb. hammer falling 16 ft. If steam-hammer pile- 
drivors am used, the piles shall be driven so that their bearing power shall be not less than 
that of piles driven aa before specified A water jet may be used in pile driving, if authorised 
by the Engineer in writing The tops are to be sawed off truly at the required elevation. 
Where it is necessary to cut off the heads of the piles below water no extra compensation shall 
be made fur such cutting The spaces around the piles and caps up to the under side of the 
planks of the platform shall be filled with g(H>d earth thoroughly rammed or puddled, unless 
otherwise directed. Pile heads imbedded in concrete shall have the bark removed from the 
aurface of contact 

2. All pikm shall be straight, sound yellow pine or.. not less than R in. in diameter 

at the small ends and not less than the diameters shown in the accompanying Table of Mini¬ 
mum Cut-off Diaineiers, where cut off, or of other dimensions shown on the drawings, 
hooped and shod if requirtnl All dimensions arc to be measured exclusive of the bark. 
The point of each pile shall be trimmed to a 4-iD square end at right angles to the axis of tbs 
pile, unless otherwise directed. 

Table or Minimum CuiMirr Diameters fob Piles or DirrERENT Lengths 

BELOW CoiMirr 

Lonsih, lert 'SO 20-25 25-35 3(M5 ’«0 

Diameter, inches 10 11 12 13 14 

3. Piles that do not bring up satisfactorily, or are too short, or are out of Uns must bo 
replaced by others of length and alignment satisfactory to the Engineer. Piles badly split 
in driving shall either be replaced with others or repaired writh wrought iron rings or screw 
bolts, as may lie directed. When the Engineer considers Uiat a ^le head bos become so 
broomed os to be unfit for further driving, the broomed portion shall be sarnKl or adsed off 
before the driving is continued. The heads of all piles must be protected ag»iDst damage by 
the blows of the hammer, by wrought iron rings. Piles shall be driyan without the uae 
of a follower uqIcm specially permitted. 

4. Where shown on the drawings, brace, batter, or spur piles shall be driven at the inclioa- 
UoDs shown or direeted, and the tope shall be framed, bolted or strapped to adjoining piles or 
to eaoh offier, as shown on the drawings. 

A. The amount of piles to be paid for wQl be the total length below the ootoff of all pilee 
nmeiniog in the works in accordance with the drawings or directwos. and the total length 

I The cut-off diameter of piles lea tiian 20 fu shall be at least 10 in. 

* 14 in. is the maximum aisc required at the cut-off of any pile. 
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of oil piiei u«ed only as test {Mies. PUea driven for temporary use will not be paid for. TW 
oontraet priee for piles shall cover the cost of all bd>or and materials required to fundsh. <fatTa 
and out off the same as specified, of fasteninf brace piles, and of fumishini and piadng «U 
ahoes, bands, bars, straps, bolts and other fasteninits reqmred. 

6. Concrete piles satisfactory to the ERgineer may bo required under certain portiona of 
the work, and when ordered by the Engineer in writing they shall be placed In the poaitioat 
and in the manner directed by him. The contactor shall furnish all labor and materials and 
provide and use such machinery as may be necessary to do this work to the satisfaoUoa of 
the Engjoeer, and he will be paid for the same as extra work, under Item 17. 


ART. 7.“-F0imDATI0NS 

1. Where piles cannot be driven more than 7 ft. below the out<off. a platform only may be 
required; or masonry foundations, without a platform, extending to a suitable bottom shall 
be substituted if directed by the Engmecr. The word “platform" shall be understood to 
include both capping and planking. 

2. Ail timber and planking for foundations shall be of good quality sawed, long*lsaf 

yellow pine or.. sound, free from shakes. large, loose or decayed knots and 

other imperfections impairing its strength and durability. AU siscs under 0 in. shall show 
some heart the entire length of one side and sites of 9 in. or more shall thow some heart the 
entire length of two opposite sides. Wane may bo allowed one^ight of the width of the 
piece, measured across the face of wane, and extending one*fourth of the length of the piece 
on one corner, or lU equivalent on two or more corners, provided that not more than 10 
per cent, of the pieces of any one site show such wane. 

3. The caps shall be 8 X 8>in. timber unloM otherwiee directed. The planks shall 
generally be 18 ft. long and at least 8 in. wide; the joints are to be broken at least 0 ft. and 
must be on caps. Holes shall be bored for the spikes. The spikes are to l>e wrought iron or 
steel wharf spikes, square in seotion and of a length at least twice the thickness of the timber 
through which they ore to be driven. Spikes 8 to 12 in. lung, inclusive, are to he 1/2 in. 
square; 14 and 16 in. long. S/8 in. square; 18 in. long. 3/4 in. square, 30 and 32 in. long, 
7/8 in. square; 24 in long, 1 in square. 

4. Platform laid directly on the ground shall have a smooth, firm bearing throughout 

ART. 8.—CEMENT 

1. All cement shall be dry Portland cement free from lumps; it shall be the finely pul- 
vensed product rtmulting from calcination to incipient fusion of an intimate mixture ol 
properly proportioned argillaceous and calcareous materials to which no addition freater 
than 3 per cent, baa been made subsequent to calcination. 

2. It shall be delivered in strong cloth or canvas bags containing 94 lb. net or in sound, 
paper'lined barrels eootaming 376 lb. set. Each package shall be clearly marked with the 
bread and manufacturer’s name. 

3. The Contractor aball submit the cement and afford every facility for inspection 
and testing, at least 12 days before deeiring to use it, and the Engineer shall be notified 
at once of the receipt of each shipment at the work. 

4. The oement shall be protectod in a suitable building having a wooden floor raiaed id>ove 
the ground or be placed on a wooden platform and properly proteetod with canvas. Each 
shipment shall be stored separstcly and each lot marked with an Indentifioation number and 
Hui date of receipt. 

fi. The failure of a shipment of cement on any work to meet the requirements tit the 
specifications shall justify the prohibition of further use of the same brand on that work. 
Cement may be inspected ntber at the place of manufacture or on the worit. Cement 
failing to meet the 7‘<lay requirements may be held awaiting the results of the 38^y 
tests before reiection. AU tesu shall be made is accordance wiUt the methods recom¬ 
mended by the Committee on Uniform Tests of Cement of the American Society of Qvtt 
Engineers, presented to that society on January 21.1903, with all subsequent amendments. 
The acceptance <a rejection of the cement riiaU be baaed on the fidlowtog requirements: 
{These are the teofanieal requlrsments in the etendard speeificatione for Tortlaad oemrat 
adopted by the American Boeiety for Testing Materials on Aug. Ifi. IMB.] 
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6. Tho tpeciBc gravity of ncmvnt ffhall not br I(‘sn than 3.10. Should the test of cement 
w received fall below ibis requircinrnt, a eccond test may be made upon a sample ignited at a 
low red heat. The lorn m weight of the ignited cement shall not exceed 4 iwr oent. 

7. It shall leave by weight a residue of not more than 6 per cent, on the No. 100, and not 
more than 2f> per cent on the No 200 hicvu 

8. It shall not develop initial m t in leas than 30 minutes; and must develop hard set in 
not less than 1 hour nor more than 10 hours 

9. The minimum requircmeiite for tensile strength for briquettes 1 sq in. in cross-section 


shall he as follows, and the cement shall show no retrogression in strength within the periods 
speeihed: 

Wat fVmrnt 

Ago Strength 

24 hours in moist air ... 1751b. 

7 days (I day m moist air, 0 days in water) . 500 lb. 

28 days (1 day m moist air. 27 days in water) 000 lb. 

Ottr l‘ttrt Cftnfnt, Three Fnrt« .St««riard Ottawa .Sand 

7 days (1 day in moist uir. (> days in water) . 200 lb. 

28 days (] day in moist air, 27 days in water) , . , 275 lb. 


10. Pats of neat cement about 3 in in diameter, 1/2 m thick at the center and tapering to a 
thin edge, shall be kepi in moist air for a period of 24 hours, (ri) A pat is then kept m air 
at normal temperature and observed at intervals for at least 28 days (h) Another pat is 
kept in water maintained as near 70° F a.s practicable, and observed at intervals for at least 
28 days (c) A lhir«i pat is exposed in any convenient way in an atmosphere of steam, above 
boiling water, in a loosely closed vessel for 5 hours 

11. These pats, to pass the requiremeiKs satisfactorily, shall remain firm and hard, and 
show no signs of dislortion, checking, cracking, or disintegrating 

12 The cement shall not eontuin more than 1 75 per cent of anhydrous sulphuric acid 
(SOi), nor more than 4 per cent of magnesia (MgO). 


AST. 9.- SAND, GRAVEL AND BROKEN STONE 


1. The sand shall be clean and sharp, free from dirt, loam, mica and organic matter, and 
shall contain not more than 8 per cent by volume of clay, and no clay shall be artificially 
added. On the 7-dny test the sand shall be of such a quality that the tensile strength of tho 
briquettes made in the laboratory, of 1 part of cement and 3 parts of sand, shall not be less 
than 05 per cent, of the atroogth of similar briquettes made of the same material and 
Ottawa sand. 

2. Gravel shall bo composed of clean, hard stone, free from dirt, loam, mica, clay and 
organic matter, and unless utlierwiM> ordered in writing by the Engineer, shall be separated 
by screening into the sites specified for broken stone in Clause 3 of this Article 

3. Broken stone fur eoneri'te shall hard, sound and durable, and shall not contain loam, 
clay, organic matter or objectionable quantities of dust or other matenaU considered unde¬ 
sirable by the Engineer The broken stone shall W separated into three grades by means of a 
•ereen with circular openings 1, 1-1 '2, and 2 in. in diameter and a screen with openings 1/4 in. 
in diameter, which last-mentioned diameter is that of tho smallest pieces of stone which will 
be accepted. 

4. If permitted in writing by the Engineer, gravel and broken stone may be mixed 
The purpose of grading the gravel and broken stone into three sues is to enable a 
mixture to be produced from them which, id the opinion of the Engineer, will make the most 
suitable ooncreto. The material shall be washed, if ordered by the Engineer, and the Con- 
traetew shall maintain an acceptable plant with adequate storage facilities for the different 
grades of gravel, broken stone, or both, so that they may be combined readily in the pro¬ 
portions designated by the Engineer. 

6. San^M of sand, gravel and broken stone which the Contractor proposes to use shall be 
submitted to the Enipneer, if so required by him, for examination at least two weeks before 
the Contractor commences to deliver the materials at the site of the works. MatenaU shall 
not be delivered until the suaplse idiali have been approved, and as delivered they sbal 
in all reepects be equal to thee^iiiraved samples. Sample of sand, of about I quart, shall 
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be aubmitted in glaaa inn with atoppera and aamplea of not leaa than 1 cu. ft. of (ravel or 
of broken atone in suitable boxes or other reeeptaelea. All samples shall be {dainty labeled 
with the name of the place from which they were taken, where it is proposed to use them, 
and the name of the collector and date of eotlecUon. 

6. In these speeiheationa the word ”Ballast” sixniBes the mixture of graded siiee of 
gravel, broken stone or both which ts designated for use by the Engineer. 


AHT. io.~MORTAR 

1. AH mortar, unless otherwise specified, shall be eotnpose«l of 1 volume of eomont and 3 
volumes of sand Mortar used in the haunch walls of brick sewers shall be composed of 1 
volume of cement and 3 volumes of sand. For puriHwes of measurement a barrel of oemont 
shall be considered to contain 3 8 cu ft and a bag of cement 0 l>r» «•«. ft 

2. The water used m preparing mortar shall l>e etean and frtH- from sewage Salt water 
shall 1 h* used as directed by the Engineer when it u nect^sMiry to construct masonry in frees* 
ing weather 

3. The ingredients shall first Iw thoroughly mixed dry in a suitable tight box, afu*r which 
the proper quantity of clean water shall be gradually added and then the materials shall !>s 
hoed or worked until a uniform mixture is seeurwl No greater quantity of mortar is U) be 
prepared than i.** requireil for immediat*' use and it shall be work«*<{ over ronstantly with hoe 
or shovel until used, anv that has s<‘t shall not ]>e retempered or used in any way, and no 
mortar shall be used more than 1 1/2 hours after mixing. 

4 Mortar taken from the mixing troughs and molded into briquettes 1 in. square in 
cross-seetion shall have an ultimate tensile strength of i'Jft lb |>er iwjiiare inch after one day 
m the air and six days in wat4sr, and t7.'> lb after one day m air and 27 days in water. 


ART. II.— BE,LET-STEEL CONCRETE REINFORCEMENT BARS 

[Adopted by the American .Society for Testing MiiteriiiU on August 2i'». 4913. and 
reprinte<l by ]>ermiHsioii Slight modifications have bmm miuic to fit the requiremeoU 
to the conditions existing on scaerage contracts ) 

1 («) These spi-ctficutiotiH rover thr«*c classes of hillet-st<‘«*l concrete reinforcement bars, 
namely, plain, dclorined and cold'twisted. and the classes to bo furnis)>e«l under this eon* 
tract arc those wh<is4> prices are stipulated in Itiun .... (fc) Plain and deformed bars 
are of two grailes. namely, structural steel and hard 

2 (a) TTic hard graile will lie used only when s|>ccified (A) If desired cold'twisted bars 
may lie purchased on the basis of tests of iiot*rolle<l bars licfiirc twisting, in which case such 
tests shall govern and shall conform to the requirements specified for plain bars of structural 
steel grade. 

3. (n) The steel may be made by the Bessemer or the orsm-heartli process: (6) Tb« 
ban shall be roiled from new billets; no n^rolled material will b<’ accepU'd 

4. Cold'twisted bars shall be twisted cold with one complete twist in a length not over 13 
times the thickness of the bor 

6. The steel shall conform to the following requirements as to chemical eomposltioo: 

I Bessemer not over 0 JO per cent. 

[ Open-hearth . . not over O.Ofi per tent. 

6. An analysis to determine the percentage of carbon, manganese, pbcwphoroua and sul¬ 
phur shall be made by the manufacturer from a test ingot taken during the pouring of each 
melt, a copy of which shall be given to the purchaser or his repnnieDtalive. This analysis 
shall conform to the requirements specified in Clause A of this Article 

7. Analyses may be made by the purchaser from finish«*d ban representing each melt of 
opsn'beartb sUicI. and each melt or lot of 10 tons of Bewmer su>«l, in which case an excess 
of 25 per cent. lUmve the requirements specified in Oause 5 shall be allowed. 

8. (o) The tmn shall conform to the requirements stated in the accompanying Table of 
Tensile •Propertiea: 
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Table or Tensile Properties Required in Bars 



Plain bars 

Deformed bars 

Cold- 

twisted 

bars 

Properties 

considerod 

Structural 

steel 

grade 

Hard 

grade 

Structural 
steel grade 

Hard 

grade 

Tensile strength, lb 

per sq. in. 

Yield point, min . lb 
per sq. in . 
Elongation in 8 in , 
min., per cent 

55,000 

70,000 

33.000 

1.4(K).(H)0' 

Telia Htr. 

80,000 

Minimum 

50,000 

1.200.000' 

Tens, str 

65.000- 

70,000 

33,000 

1,250,000' 

Tens str. 

80,000 

Minimum 

50,000 

1,000,000' 

Tens, str. 

Recorded 

only 

55.000 

5 


‘ Hee Ciauw 9. 

(6) Tho yiold point aliall b« dc^tcrmin^d by tbc drop of the beam of the testing machine. 


9. (a) For plain and deformed bars over 3/4 in in thickness or diameter, a deduction of 1 
from the pcroentuKcn of clonaution n(>ecihed in Clause 8 (o), shall be made for each increase of 
1/8 in in thickness or diameter above 3/4 in. (/») For plain and deformed bars under 7/10 in. 
in thickness or diameter a deduction of 1 from the percentages of elongation specified in Sec¬ 
tion 8 (o), shall b(‘ made fur (‘ach decrease of 1/10 in in thickness or diameter below 7/10 in. 

10. The test specimen shall bend rold around a pin without cracking on the outside of the 
bent portion, os slated in the accompanying Table of Bend Tost Requirements. 


Table op Bend Test Requirements 


Thickness or diam¬ 
eter of bar 

Plain bars 

Stnjrhiral . , , 

. , Hard grade 

ate«>l grade i 

Deformed bars 

Structural ! . , 

. , . High grade 

steel grade i 

Cold-twisted 

bars 

Under ) in 

180 deg. 

180 deg 

180 deg. 

180 deg. 

180 dog. 


,1.1 

d • 31 

d - t 

d it 

d - 21 

1 in or over 

180 deg. 

00 deg. 

90 deg 

90 deg 

180 deg. 


<l - 1 

fi - 3( 

rf « 2f 

d - it 

d - 3t 


Explanatory Note, d-the diameter of pm about which the specimen is bent, 
f tho thickness or diameter of the specimen. 


11. (a) Tension and bend test specimens for plain and deformed bars shall be taken from 
the finished bars, and shall be of tho full thickness or diameter of material as rolled, except 
that the specimens for deformed bars may be machined for a length of at least 9 in., if deemed 
neeoMary by the manufacturer to obtain uniform cross-eection. (b) Tension and bend teat 
•peoimens for cold-twisted bars shall be taken from tho finished bars, without further treat¬ 
ment, except as specified in Clause 2 (6) of this Article. 

13. (a) One tension and one bend tost shall be made from each melt of open-hearth 
•teel and from each melt or lot of 10 tons of Bessemer steel; except that if material from one 
melt differa 3/B in. or more in thickness or diameter one tension and one bend test shall be 
made for both the thickest and the thinnest material rolled, (h) If any test specimen shows 
defective machining or develops flaws, or if a tension test specimen breaks outside the middle 
third of the gage length, it may be discarded and another specimen substituted. 

18. The weight of any lot of bars shall not vary more than 5 per cent, from the theoretical 
weight of that lot. 

14. A finished bar shall be free from iniurious defects and shall have a workmanlike 
floiab. ^ 

15. The IiMtpeetor repreeenting the Purchaser shall have free entry, at alt times while 
work on the eontraet of the Purchaser is being performed, to all parts the Manufacturer’s 
works whiefc eoneem the manufaoture of the bars ordered. Tbe Manufacturer shall afford 
ibe In^ieetar,fees of cost, all reasonable faetbties to satisfy him that the bars are being fur- 
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nUhed in aocordanoe with the epeoiSontions. All tecU (enept the check MtelyeMi) end in* 
epeotiona ehall be mede nt the piece of menufeeture prior to ahipment, uaieae otherwite 
specified, end aheU be so conducted ms not to interfere unoeoessmrily with the opermtion 
of the works. 

16. (a) Unless otherwise specified, any rejection based on tests made in accordance with 
Clause 7 of this Article shall be reported within five workinn days from the receipt of sample. 
(6) Bars which show injurious defects subsequent to their aeoeptance at the Manufacturer's 
works will be rejected, and the Manufacturer shall bo notified. 

17. Samples tested in accordance with Clause 7 of this Article, which represent rejected 
bars, shall be preserved for two weck.s from the date of the test report In case of dissatis* 
taction with the results of the tests, the Manufacturer may make oloim for a rohearinf 
within that time. 

ART. la.— RAIL-STEEL CONCRETE REINFORCEMENT BARS 

[Adopted by the American Society for Teslinx Materials on Aufust 26, 1613. and 
reprinted by permission. Slight modifications have been made to fit tbo nHiuirements to the 
conditions eiisting on sewerage contracts.) 

1. These specitientious cover three classes of rail-steiO concrete reinforcement ban, 
namely, plain, deformed, and hot>twisted, and the classes to be furnished under this con¬ 
tract are those whose prices are stipulated m Item .. .. 

2 The bars shall be rolled from standanl-sectmn Tee rails. 

3 Hot-twisted bars shnU have one complete twist in a Iniigtii not over 12 times the thick¬ 
ness of the bar. 

4 («) The bars shall conform to the accompanying Tabic of Minimum Hequinnl Tensile 
Properties. 


Table of Minimum UEguiur.D Tf.nsile Properties 


Properiieri contidcrod 

1 Plain bars 1 

Deformed and hot- 
twisted bars 

Tensile strength, lb per sq in 

80.0(8) 1 

80,000 

Yield point, lb per sq in 

50.000 I 

60,000 

Elongation in 8 in . per cent 

i I.2(M).00()' j 

1.000,000> 


1 Tens str. 

Tens. str. 


I See Clause 5. 

(6} The yield point shall be determined by the drop of the beam of the testing machine. 

5. (a) For bars over 3/4 in in thickness or diameter, a dmlurtion of 1 from the percentages 
of elongation specified in C'lausc 4 (o) shall be made for each increase of 1/6 in. in thickness or 
diameter above 3/1 in (h) For bars under 7/16 in in thicknees or diameter, a deduction I 
from the percentages of elongation specified in Clause 4 (o) shall be made for each decrease of 
1/16 in IQ thickness or diameter below 7/lG in 

6 The test specimen shall liend cold around a pin without cracking on the outaide of the 
bent portion, as stated in the accompanying Table of Bend Tmt Requirements; 


Table of Bend Tkht REguiBSUEim fob Railh»teel Bars 


Tbiokness or diameter of bar 

Plain bars 

Deformed and hote 
twisted bare 


180 deg. 

180 deg. 

Under 1 in. 

d • 3( 

d • 4t 


90 

90 deg. 

1 in. <w over . 

d - 3t 



Explsmatory Note: d « the diameter of lun about which the specimen is bent. 
t m the thickness or diameter at the specimen. 
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7. (a) T^tuioa aod ibeoJ Umt upprintpun for pJaio and deformed bars sha/J be taken from 
the Soisbed ben, and shall be the full thicknoea or diameter of bars as rolled; except that the 
•peotmeas for deformed bars may bo machined for a lonatb of at least 9 in., if deemed necea- 
aary by the Manufacturer to obtain uniform cross-section, (b) Tension and bend test 
apeoiroens for bot-twwtcd bars shall be taken from the fimshed bars, without fuitber treat¬ 
ment. 

S. (a) One tension and one bemd test shuil be made from each lot of 10 tons or less of each 
sise of bar rolled from rails varying not more than 10 )b per yard in nominal weight (b) 
If any test specimen shows defective macliinitiK or develops flaws, or if a tension test speci¬ 
men hroaks outside the middle third of the gage length, it may be discarded and another 
specimen substitut'd 

0. The weight of any lot of liars shall not vary more than 6 per cent from the theoretical 
weight of that lot 

10. The finished bars shall be fr<H> from injurious defects and shall have a workmanlike 
fimsh. 

11. Tlie insiM'ctor repreaenling the Purchaser shall have free entry, at all times w'hile the 
work of the contract witli the Purrhiiwr ih hemg performiHl. to all parts of the Manufactur¬ 
er’s works winch concern the ninmifnciure of the bars ordered The Manufacturer shall 
afford the Inspector, fri'c of cost, all rciisonable facilities to satisfy him that the bare are being 
furnished in accordaiiei' with thes*- sia'cifications All tests and inspections shall be made at 
the place of manufacture prior to shipiiienl, unless otherwise specified, and shall bo so con¬ 
ducted as not to interfere unnecessarily with the operation of the works 

12 Bars which show injiirioiiH defects subsequent to their acceptance at the Manufac¬ 
turer’s works will be rejected, and the Manufacturer shall be notified. 


ART. 13 .--IRON CASTINGS 

1 . All castingp required in the execution of this contract shall be mode by the cupola pro¬ 
cess, unless furnace iron is specified. 

2. The castiugs shall 1 m' known os “hght”when they have any section less than 1/2 in. 
thick, ‘'heavy'’ when no section is less than 2 in thick, and “medium” when they are in 
neither the light nor heiivv class 

3. The metal of thi' castings shnV meet the requirements of the accompanying Table of 
Required Qualities of Grny-iron Castings 


Table of Uequiued (itiALiTiEs of Gray-iron Castings 


Quality or property 

1 Light 

eastings 

! Medium 

1 castings 

Heavy 

castings 

Maximum sulphur routcni, per rent 

0 08 

0 10 

012 

Minimum breaking strength of Arbitration Bur' under 
transverse hind, lb 

2,500 

2.000 

3.300 

Minimum deflection of Arbitration Bar. in 

0 10 

0 10 

0 10 

Minimum tensile strength. Ih per sq in 

18,000 

21.000 

24,000 


■ The Arbitration Bar is 1-1/4 m. in diameter and 15 in. long, and is placed on supports 12 
in. apart and loaded in the middle at a rate which will produce a deflection of 0.10 in. in 20 
to 40 seconds. Two acts of two bars each are cast from each 20 tons of a beat. 

4. Caatiofs shall be true to pattern, free from cracks, flaws and excessive shrinkage. 
They shall have their faces machined to true surfaces wherever required on the drawings. 

They shall be thoroughly cleaned uid then painted with . or 

approved eubstitute. 

^ ART. 14 .—BRICK MASONRY 

1. None but whole, sound, ^oroughly burned, straight, bard briek, uniform in atruoiure 
with true, even face*, shall be used. Alt bnck shall meet such requirements as to specific 
gravity, absoiption, abrasion and erushing strength as the Engineer shsdl deem necessary. 
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iThia sontoQco is batted on the Philadelphia general tporifioaMozM and should be adopted 
only where the quality of acreptable brick is known to contractors through experience in the 
city under the same engineer: otherwise it is better to state in the specificattous just what 
properties the brick must possess 1 Hard-bunini brick, less twrfcct than those required for 
the sewer, and half brick, all satisfactory to the Kngineer. may lie used in the manholes All 
brick shall be sorted, when delivered ujh«i the ground, by men furnisheil to the Inspector by 
and at the expense of the Contrai'tor, and all brick eondemnetl shall l>e immediately removed 
from the work. 

2. Vilriho<l shale bnek shall bo tough, homogeneous, of a eompaet structure, and burned 
uniformly throughout They shali be fn-c from laminations, fire cracks or cheeking of 
more than a su|«*rfirial characUT, free from lime or other soluble matter, and shall show no 
signs of spalling or pitting after thrt*e days’ immersion in wau^r 

3. The Contractor shall furnish to the KngimsT nt least six samples of the brick which he 
wishes to uw in the work, at least otic month Indore delivery of mat«Tin) on the ground 
These samples shall br> subjected to such U'sts as the bJugimn^r shall ilcsignat** under C'lauM 
1 of this Article 

4 All brick shall b<‘thoroughly wetted miineiliatcly before lieing lai«l. either by immer¬ 
sion or in such other manner as is acceptable to tlie Kngineer Old brickwork shall Iw 
cleaned and wetted Indore la>ing new w<*rk on it 

5. Kverv bnek is rerimred to be laid m a full and close joint of Portland cemont mortar 
eoinpow*^! of I part ceiacnt ami 2 parts saml, on its IiimI, end and si<le at one op4‘ration Thn 
joints on the inside face of work shall notcxei^*^! 1/4 m in thiekm^ssand in noenm'slmil mortar 
l>e slushtnl in afterward f'ure shall Ik* taken t»* have every joint full of mortar Upon 
removal of the centers, if anv open joints an- found they shall In* p<»int«'d Special care 
shall be taken to make tlie fiwe <»f the brickwork siiiootli, ami all joints on tbe interior surfaro 
of the invert of the sewer shall Im‘ carefullv struck with tlie point of the trowel, or [minted to 
the entire satisfaetioti of tlie Kogizu'er The work in all com'S shall Im well and thoroughly 
bonded, and if the inuiiiier is sja'cified or shown on tlio drawings it shall Im dona in cluss 
adherence to them. Brickwork as it progresm-s may be toothed, but w'hcn ordereal it shall 
bn racked buck in coiirM's. 

6 All inverts or bottom curves shall he worked from Uonpiets, aceurately made according 
to the ihtiiensionM of the sewer, and correctly set according to lines and gratles furnished. 
When sp4*cified u|)on ihu drawings or sehedules, the invert of sewers shall Im' of granite or 
trap rock blocks, ns Bp<*cih«Ml under Stone Masonry, Ariicln 15. Clausa 0, or of 
vitribed ahule brick sis'cifu-d in ('lause 2 of this Article, to the height shown upon tbe 
drawings 

7. The extradoH of the arch shall !»• neatly plaKtcr<><l, at least 1/2 in thick, with mortar 
of the mme quality as that useil in the brickwork 

H. The centers u)Hin which the arches are formed shall W made strong, and acciirding to 
the HiK^H and Hhajx's requinsl, arches on curvt^ shall constructed on ctnU’rs of proper 
curvature No center simll he removed until the work upon it has w>l and the rehlling 
has progress'd up to the crown of the arch, if so orilered .\ii centers shall bt» struck and 
drawn with cure, so as nut to crack and injure the work 

9. All fresh work shall bi- protected from injury Newly laid inverts shall be protected 
from wash by canvas covering or tar paper, and should the regular continuity of th« nroh or 
invert be destroyml at any time, either from irrogular M'ttlemcnt or from this oeniers being 
improperly fixiHl, or from any uthi r cause, the Contractor shall remove such portions and 
correct the irregularity in a satishictory manner Ail new work, unless immediately covered 
with earth, shall lx' kept moist until the inortar has bi'Como bard and will not crock in the sun. 

10. The quantity of hnrk masonry to lx‘ paid for in Item ... shall be determined by 
measurement or by estimats.* of the number of cubic yards actually built, os required by the 
drawings and directions furnished from time to time by tbe Engineer. Tlw price agreed 
upon shall include the furnishing of brick, dunent, sand, tcinpleta and centers, a4id all work, 
ineluding the setting of inlets, neci-isary for the budding of brick masonry. 


ART. IS.—STOKE MASOKRY 


1. AlUstones shall be of good quality, bard, clean, of good bed and build, and not less 
than 6 in. thick, unless for inmming or closing. Each sumc shall have a firm and solid 

SI 



480 


AMEItlCAN SEWERAOE PRACTICE 


b«ariD<« and be laid oq ita broadest, bed, tn full bed of fresh 1 2 Portland cement mortar, with 
which aii iolots sbatl be thoroughly 6Ued. 

2. Stone masonry shall bo laid true and by line, and built of the exact dimenuoos and 
eharaeter shown on the drawings It shall bo well and thoroughly bonded, and the courses 
shall be roughly leveled up. When the laying of rubble masonry in mortar is interrupted, 
the tops of the courses shall be loft unplastored. No dressing or tooling shall be done on or 
upon any stone after it»in place. No rubble masonry laid in mortar shall be constructed in 
freesing weather. 

3. When the faces of rubble masonry laid in mortar will be exposed to view in the finished 
work, the joints in such faoos shall bo raked out to a depth of not less than 1 in. and neatly 
pointed with mortar The tofis of walla whore other fmiah is not required shall be plastered 
and floated to a smooth finish. 

4. No masonry shall be built on concrete before it is thoroughly set. 

5v Before building upon old masonry, its surface shall be cleaned of old mortar and dirt 
and thoroughly wetted; stones n'lnoved from the old work and allowed to bo used shall be 
similarly treated 

6. The face stones shall be well scabbled and elosely set Vnless otherwise directed they 
shall be two-man stones, they shall he bonded so that there anr about twieo as many stretch¬ 
ers as headers When rubble masonry is built as erudlmg and foundations for brick arehes, it 
shall ronsist of on<>- and two-man stonea unless a larger oiae is called for on the drawings. 

7. In dry walls without mortar, out*- and twt>-man sUmes shall be generally used Eaeh 
shall be laid by hand, settled with hammer, and have a fair and even bearing; all joints 
and crevices shall be ihorougly pinned and wedged, and the courses well bonded. Hiprap 
shall be laid by hand, or if a great quantity is furnished it shall be dumped id place, os 
directed 

H. Coping stones shall l>e sound stones of approved kind and quality, os indicated on the 
drawings. The slia|>ns and dim«>nsions given shall be truly adhenid to, and they shall be 
dressed and hammered in a manner and after the pattern requinnl by the drawings, with a 
smooth top surface and a close joint They shall be well and truly laid to line and grade 

9. Where stone blork invert is required it shall consist of granite or trap rock blocks, with 
true square beads and sides not warped, d to 7 in dei‘p, 10 to 14 m long, 3-1/2 to 5 in wide 
They shall bo sorted at the quarries and delivered m uniform sises. They shall bo truly 
rectangular and free from irregularities exceeding 1/4 in Blocks of equal width shall be 
laid in a continuous course. Worn paving blocks siiall not be used. 

ART. i6.—CONCRETE, PLAIN AND REINFORCED 

I. Unless otherwise specified on the drawings or directed by the Engineer the concrete 
shall be composed of one volume of cement and seven volumes of such mixture of sand and 
ballast as shall be r«>quircd by the Engineer. If the sand and ballast arc stored in piles at 
any time, they ahsll be placed on a platform or other hard, clean surface, to avoid any admix¬ 
ture of dirt with them 

2. Cement, sand and baUast, shall be measured (not estimated) in the given proportions, 
and mixed in a propter box. or on a floor, and in no case on the ground. Mixing of materials 
shall be done thoroughly by machine wherever practicable, and always in batches When 
mixed by hand, the oeinent and sand shall be first thoroughly mixed dry until the color of 
the material is uniform in tint, and then made into a soft mortar by gradually adding clean 
water and hoeing or otherwise working until a uniform homogeneous mixture is obtained. 
The stone shall be spread upon a suitable floor to a depth of about 0 in. and thoroughly 
wetted, and the mortar spread evenly over it. The whole mass shall then be turned with 
square-end shovels until it shall become mixed to the satisfaction of the Engineer. The 
concrete shall be kept m motion until deposited in place: should any be permitted to set 
before it is placed and tamped, it shall be removed and not used again Hand-mixed 
batehea shall not be larger than 1 cu. yd. in volume. The concrete shall not be mixed in 
Ui^r quantity Uiao is required for immediate use. 

3. WMin sewers are built of eonorute or reinforced concrete, the longitudinal sections of 
the side walls shall be oonstruoted without interruption from bottom to top. and each longi- 
tudlnal section of the roof or arob shall be constructed its full thickness without interruption, 
so as to form a monidith in each oase. the length of each section to be such as to permit 
oompleUflg It within the working hours of a day. 
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4. Th® concret® ihali b« depoeiied ia layers of the thieknoss required, aad shaQ be th<^ 
oughly compacted by working it with a straight shovel or slta&g tool, kept moving ap and 
down until all the ingredionu have settled into their place by gravity and the surplua 
water baa been forced to the surface. The concrete shall be thoroughly worked about 
pipe®, reinforcing bars and other metal work, so as to obtain a complete bond everywhere 
on the surfaces of contact between the metal and concrete. Care shall be taken to keep 
the forms moist and to work the materials well with shovels or other toob In the space® 
between the forms, so as to obtain smooth surfaces. When a freeh layer of concrete b to be 
put on one which has set or partly eet. the surface shall be roughened, thoroughly cleansed 
of foreign material and laitancc, using a stiff wire brush and a stream of water, if required, 
and shall then be slushed with a mortar consisting of 1 part Portland cement and 2 parts of 
sand When the placing of concrete is suspended, all necessory grooves for joining future 
work shall be made before the concrete has had time to set. Kxpansion joints of the type 
indicated on the drawings or as directed shall be constructed wherever ordered by the Engtn* 
ecr, and only at such places as the Kngincer may approve. 

5. No concrete shall be laid in water, nor shall water lie permitted to rise on It within 24 
hours after it is planed, nor shall water be allowed to run over completed masonry befor® 4 
days. No wheeling, walking or working on hnisheii surfaces wilt be allowed for 24 hours 
after they arc completed. Immediately after the face forms are removed, which shall be 
before the concrete has completely hardened, if practicable, the surface shall be freed from 
inequalities and projections. All voids shall be filled by floating with cement mortar, and 
the entire surface shall be brushed or broomed with a thm wash composed of equal parts of 
cement wid fine sand. I'naatisfactory concrete shall be taken down and replaced, if ilireoted 
by the Engineer. 

6. Except during the colder months, the Contractor shall keep all concrete masonry wet 
by sprinkling with water or covering with wet cloths, until it shall have become thoroughly 
set and hard enough to prevent its drying and erackiug. Hufficient tarpaulin or other cover¬ 
ing shall be provided to prot«‘rl fresh work from the action of the elements. 

7. The Contractor shall furnish on the site of the work a sufficient number of centers, 
forms, molds, or templates for its exjH'ditious prosecution. The forms shall be made in such 
a way and of such matcriul as will insure a true and very smooth surface on the finished eon- 
crete. The design of the forms shall Im submi(te<l to the Engineer for approval before work 
on them is commenced The Engineer shall, at all reasonable times, have accoM to the chop 
or other place where the centers and forms are being madw. and shall bo furnished with every 
facility for inspi'cting them, and materials, oentors and forms rejected by him shall not be 
used on the work The inspection of forms by the KQgim>er during or after the process of 
ooQstructiou, or any suggestion or assislanc® furnished by the Engineer, shall not be con- 
Btrued as relieving the Contractor of the entire or any part of the responsibiUty for the acou- 
racy or sufficiency of any of the forms or for the satisfactory completion of the masonry to 
any extent dependent thereon 

8. The centers and forriis of all surfaces shall be carefully cleaned and prepared or covered 
in a satisfactory manner, su that they may be readily removed and leave the concrete with a 
smooth presentable surface All centers and forms shall b« substantially water-tight and of 
sufficient strength and so well placed that they wilt maintain their proper plaoe and position 
during the placing and ramming of the concrete No oenUir or form shall Iw uBod which >■ 
not clean, of approved shape and strength, and in every way suitable. Deformed, broken or 
defective centers or forms shall be removed from the work. Care shall be taken to pcevenl 
shavings, sawdust and other wasti>s from the making of wooden forms and centers from be¬ 
coming imbeddoil in the masonry. 

9. Forms and centers shall lie h-ft in place until tbe concrete has »‘t sufficiently U> permit 
Ibeir removal without danger to the structure, and until so much of the backfllting or em¬ 
bankment as may be direrte«l has been put in place. Unless otherwise ordered, no center 
shall be struck until the backfilling over it has benn completed to the elevation of a horisontid 
plane 2 ft. above the top of the completed masonry*. In no case shall forms or oentars b® 
■truck or removed until permission to do so has been given b> the Empneer. 

to. Rubble concrete shall eonsist of concrete of the proportioiM stated in Clause 1 of tiiis 
article, with laiye stones imbedded therein. The imbedded stonn shall be hard, eound and 
firm, roughly cubical in shape if practicable, ud of such sties as may be deemed sulUble for 
tbe mass in which they are to be used. They shall be laid on their largest sides and be so 
placed in the work that they will not be nearer than 9 in. to tbe bottom of a footing, tP na 
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•zpaosioo joint, or to any wurfafto or U) each otijer Tho stones, after having been thoroughly 
cleaned and wetted, shall be firmly bedded in tlie concrete The joints shall then be filled 
and the stones covered with concrete to siicb a depth that the spaciiigs specified will be 
obtained The stones shall not be placed directly on any concrete which has acquired its 
initial set 

11. Whore a granolithic nnxtiire i« to be used it shall bo composed of one part cement, on© 
part sand or gravel, and IJ parts KninohtbicKrit, by volume, and the necessary amount of 
water to make a thick mortar This shall be di-positcd by skilled workmen in a manner 
satisfactory to tin* lOiiKineer, as the work progresHes W'li«Te granolithic finish is s|M*cified 
on iionzontul surfuees of wwers, thi* inixtiin* slmil he <leposited on top of the concrete to a 
thickness of at least I) in , iiiiiiu-duitetv after tlie hitler husIxH-n rniiiiiied and before it has 
set, BO as to he incorporated into nml form part of fhe main mass of the concrete The 
upper surface shall l>e hrought to the r<‘<piired shape, diinensioris an<l grades shown on tl>© 
drawings, by no'aiis of sereeils, and floateil and troweled to a smooth surface, free from nil 
stones A drier mix in th«' proportions of 1 part sand and 2 parts cement, by volume, shall 
then he sprinkleil m a drv state oier the siirfai-e, and be flouti‘d and troweled This treat¬ 
ment shall he repeated thii'e limes On all olhi^r exposed surfaces of sewers, the mixture 
shall be deposited against the face forms, with a (hickness of at least I in., as the placing 
of the concrete proeecils. ami thus be huiU Mito and form j>iirt of the Ixsly of th<‘ concrete 

12. Steel bars for reinforeing r.imrete shall In- of siieh slmpe as to afford an approved 
mechanical hond with tin- comrete, and to insure iniimni<‘ contact Ix-fwoen tlo' steel and 
concrete IMaiii bars ma.\ In- useil only as sliown on the- plans Heuiforcement bars will he 
'ejeep'd if the actual weight varn h more than !"> per cent from tin* tlieori'tU’al weight as sliown 
by the manufartiirer's tables All bars must conform to tin* r<*(juirements guen in Arti<*lo 
H They shall Is' protecleil at all limes before liemg plaeeii in the concrc'te from mechan¬ 
ical injury ainl from the weatfier, and when jdae«*<l in the work they shall be free from dirt, 
scale, loose or scab rust, paint and oil Bars w'hich arc to be imbedded in eoncretc but wliieh 
reiuairi exposeil for some time after being pimped in the work, sluill. if ilireetod, be immediately 
coat**!! with a thin grout of eiptal pHr(.s of cement and sand 

1H Bars shall be l>eiit to the shu|ie sliown on the drawings, and in roiiforrmtv with 
approved templets W hen bars an* rut and h»*nt on the work, the {'oiitraclor shall employ 
com|K‘tent men and jirovuli- thi* necessary appliances for tlie purpose 

14. .Ml bars shall be ns long as call lie conveniently used, aei uritii'lv bent, placetl, spaced 
and jointed ns shown on the drawings or direcu-d. and .shall he Hi*eureb held in their position 
by approved devices iintii the concrete has bi*en placed nrouml them W here more than one 
bar is nocrsssrv to comtdete a reijuired length, they shall be fasteiieil together bv ap¬ 
proved clamps whieh Will dexelop the full strengriiof the bars, nr by linking the ends of the 
bars around each other in sueii a tnanner as to pruduee and maintain tension on the joints 
during construction, or b.\ lapping the ends of the bars, as directed, and wiring them to¬ 
gether in nil approval manner, or the ends of the bars shall be lapped for a distance of 110 
tlmt*s their nominal ihameter, for deformed bars, and 50 times their nominal diameters, for 
plain bars, and witli a space not hsis than 2 in between lliem Joints in longitudinal bars 
•hall he staggered as direeteil 

15. The pnee bid in lt< m . for sfirl nnnforeiog bars shall include the cost of all labor 
and material where ri'quirinl to furnish, clean, cut, ben<l, place, join, secure and protect the 
•ame, and to furnish all test pieces and samples The wi-ight of steel reinfureement bars 
paid for as such will l>e the weight computed from the lengths and theoretical net w'etlons of 
the steel reinforcement bars placed in the work in accordance with the drawings or direc¬ 
tions, except such stei-l reinforeeinent bars shown on the drawings us part of structures for 
which there are eonlraet prices. 

10. The quantity of conrrete masonry to be paid for under the various items covering 
•ueh wrork shall Im- that deposited in place in aeeordanre with the requirements of the draw¬ 
ings and of the Kngineer The priciMi stato<i in Item ... include the cost of all centers and 
forms, and placing and removing them: of furnishing all matcnals; of mixing, plaring and 
finiahio^^he concrete, and oil expenses incidental thereto. 

ART. 17 .—VITRIFIED PIPE AND SPECIALS 

1. All pipe and apeeiaU shall Ik* first quality, aalt*glased vitrified clay or stone«art\ of tb© 
dimenatoDs stated in the accompanying Table ot Mimmuin Dinicusiona in Inches of Yttnfied 
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Table of Minimum Dimensions in Inches op Vitrified Pipe 
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2. The Enginrrr nlinll ilcHigriatc where standard, d<mblf**'«trcngth or dt'ep-aml-wide* 
socket pipe shall be used In general, standard pi|H* shall be um^d Cor umlordraiiis, doubto-* 
strength for the larger sues of sewers; and d«H!p-aiid-wide-soeket pijsi for sowers which carry 
only sanitary or house sewage 

3 The pipe shall be manufartured at a temperature prcHlueing a tough vitreous material 
Without craeks. wari>s. lire craekH, blisters or other uuperfertious which, in the ludgmeot 
of the Engineer, render them unsuited for use. They sliull bo fully and smoothly salt- 
glased over the entire inner and outiT surfuees. exeept that the inside of the Ih*II and the 
outside of the spigot n>av l>o unglazed for twiethirds the depth of tho bell Dn all other 
portions of the pip<’ Ihi* glazing shall eoinpletely rover ami form an inu-gral part of the pipe 
body. If left glase<l. the uistdc of the hell and the outside of the spigot shall )>e snored m 
three parallel lilies exP*n<linR oompletc-ly around the rirrumferi nee. When broken, vitrified 
pipe shall show dense and soini material, without detrimental lununations; it sliail 1m* of such 
quality that it ran Im> cut with a chisel and hummer, and shall have a metallic nog when 
•truck With a hammer. 

4. Any diunirter of the pifw shall not vary more than 3 per cent above or below the stand¬ 
ard diameter, and the excess of the longest diurneUT over the slioru-st in the same pipe shall 
not be more than 3 p(*r cent. No pipe shall deviate riion* than 1/4 in. from a straight line in 
Its length, and the ends of the barrel shall Ih> at right angles to its axis. 

5. Alt pipe will bo insp<‘eted upon delivery, and such as do not eonforin to the requir»- 
ments of this contract will he rejected and shall Iw imnimliattdy removed by the Contractor, 
who shall furnish all labor nec<*Bsary to assist the Inspector in inspecting tlie material. 

6. The entire product of any factory may Im* rejected when, in the judgment of the 
Engineer, the methods of manufacture fail to gunrantn* uniform results, or where the mate¬ 
rials uM'd are such as to produce inferior pipe, as indicated by repeated failure to comply with 
requirements similar to those of this contract 

7. The prices agreed upon under Item .... shall include the entire cost of furnishing and 
delivering all vitnfied pipe, branches, iMinds. stopp<‘rs and other fittings. Payments wUl bs 
made for all accepted branches and fittings set m the pipe line or its appurtenances in nceord- 
ance*with the price list of Item ... and the discount tlierein stated The quantity oi pipe 
for which payments w'lll be made will be based on measurements of tbe length of the invert 
lines of the sewers, the length of the manhole inverts and the lengths of braoebes and other 
fittings being dedneted from said measurcmrtits. (There is a great variety in tbe methods 
of paying for pipe sewers, and it is not unlikely that methods best suited for la^ woe** 
may not be most desirable for smaU work in ■bort, independent sectiims.l 
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ART. i8.—CEMENT CONCRETE SEWER PIPE 


{Theie requiremenu are aubstanlially those recommended in 1913 to the American So¬ 
ciety of Municipal ImprovomentH by a comniitlee consisting of E. J. Fort, Rudolph Hering 
and A. J. Provost, Jr.] 

1. Cement concrete sewer pipe, without reinforcement, shall be of the hub and spigot 
typo, conforming in dimensions to the standard drawings. Variations not greater than 1/2 
per cent, from such dimensions will be permitted The minimum lengths, thicknesses, 
depths of hub and annular spares for the soveral sues of cement concrete pipe, shall be as 
stated in the accompanying Table of Lca<hng Dimensions of Cement Concrete Pipe. Egg- 
shaped sections for 12-in and larger siies shall have flat bases and shall be equal in quality 
to samples to be SMm ut the office of the Engineer 


Table of Leading Dimensions of Cement Concrete Pipe 
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2. The concrete uwd m the manufacture of cement concrete pipt? shall bo composed of a 
mixture of Portland cetnont, sand, and broken stone or gravel, suitably graded and equal in 
quality to similar material specified in Articles 8 and 9 When concrete pipe is broken it 
shall appear honiogencouH, be entirely free from cracks or voids and generally uniform, 
showing pieces of fractured stone or gravel firmly imbedded in the mortar 

3. The materials useil in its manufacture, the proceu of manufacture, and the marking 
and dating of pip<“ shall be subject to inspertion at the factory by inspectors designated by 
the Engineer All pip«* shall have the Manufacturer's name and the date of molding clearly 
impressed on the outer surface, as an identification mark. Methods of molding, trimming 
and seasoning cement concrete pipe are loft to the discretion of the Manufacturer. As 
furnished it shall be without warps, cracks or imperfections, and shall present smooth inner 
and outer surfaces with no stones visible. 

4. After having been thoroughly driod and then immersed in water for 24 hours, sample 
pivees of cement concrete pipe of about 10 sq. in. superficial area, with broken edges, shall 
not absorb more than 7-1/2 per cent of their weight of water 

6. No pipe shall be delivered on the work or used within ,.. days after manufacture. 

The manner of forming and joining spurs and branches with hubs of standard dimen- 
abins to cement concrete pipe shall be such as to insure a tight umon of ample strength to 
meet the requirements of the work. 


ART. 19.—LAYING VITRIHED AND CEMENT CONCRETE PIPE 

1. The pipe lines shall be constructed of pipes of such sises and laid to such lines and 
grades m are shown on the drawings, or as directed by the Engineer. Unless oiberirise 
directed, the joints shall be made as requirod in Clause 6 of this article. 

2. When the sewer is to be laid without a cradle, the earth fornuog the bed shall be care- 
tvlXy freed of stones. The pip# shall then be evenly bedded in the earth over the lower third 
of Its eireumfereuoe, great care being taken to remove only enough of the earth to leave a 
wiform support for tbs entirs length 1 ^ Uis pipe, except the bell, under which a recsss sh a H 
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be excavated to a auffioient depth to relievo it of any load and to allow ample ofmoe for mak¬ 
ing the joint. In case the bed trimmed in the bottom of the trench it too low, earth shall be 
thrown into the bottom and thoroughly rammed, and a new bed trimmed for the pipe. It is 
forbidden to raise the grade of the pipe by ramming earth beneath it. When the pipe has 
been bodded satisfactorily and the joint made, the recess under the bell shall be roailed with 
earth and enough earth shall be refilled and tamped on each side of the pipe to bold it securely 
in place, care being taken not to disturb the position of the pipe dunog this proeees. 

3. The concrete cradle shall have a thickness of at least 6 in., unless otherwise directed; 
in rook excavation the amount of concrete shall bo sufficient to fill the space about the pipe. 
The concrete for the full width of the cradle shall be deposited continuously to the height xA 
the outside bottom of the pipe. Before this concrete has set the pipe shall be evenly bedded 
therein, so as to have a uniform support for ito entire length, and the remainder of the con¬ 
crete shall be immediately deposited and carefully tamped in such a manner as to avoid 
changing the position of the pipe. 

4. Where the sewer is to be laid in a gravel or broken-^tone cradle, the latter shall con> 
Slat of gravel or broken stone passing a 1-in. mesh and retained on a 1/H-in. screen. This 
shall be deposited and tamped for the full width of the trench to the height of the outside 
bottom of the pipe. The pipe shall then bo bedded on this innteriul and the remainder of 
the gravel deposited and carefully tamped so as to avoid disturbing the pipe but giving 
a uniform support to its entire length. 

5. All pipe, previous to being towered into the trench, shall be fitted together dry on the 
surface and matehed, so that when jointed in the trench they shall form a true line of tubes. 
Each pipe shall be laid so os to form a close joint with the next adjoining pipe, and bring the 
inverts continuously to the required lino and grade 

6. Cement joints shall l>c made as nearly water-tight as possible and in the following man¬ 
ner: A closely twisted gasket of hemp or jute, of suitable diameter to bring the pipe into 
their proper relative position but in no case less than 3/4 in . and long enough to paw around 
the pipe, shall be soaked in neat Portland cement grout and then rammed into the annular 
space between the ludl and hub with suitable calking tools. The remainder of the joint 
shall then be filled with cement mortar applied with the hands protected hy rubber mittens; 
this mortar shall be used as soon as mixed and shall be composed of equal parts of Portland 
cement and sand, mixed dry with enough water added sulisequoatly to ipvo to it the proper 
consistency. This mortar shall l>e well pressed and calked into place, after which the joint 
shall be beveled off with mortar for a distance of 2 in. from the outer edge of the bdl. The 
joint shall be wrapped m unbleached cotton cloth, securely tied to prevent the mortar from 
slipping or being otherwise injured. No surplus mortar or other foreign substance shall 
project into the pipe from the joints, and, if neecMiary, they shall be cleaned with a 
go-devil or disk swab attached to a rope or rod sufficiently long to pass two joints from the 
end of the pipe last laid and pulled forward as the work progresses, or in some other manner 
satisfactory to the Engineer. The joints on the inside of all pi|M‘ sewers larger than Ifi in. in 
diameter shall be carefully filial with mortar and wiped smooth and fiusb with the surface of 
the pipe. 

7. Where plastic joints are specified, they shall be thoroughly calked with a closely 
twisted gasket of dry bump or jute, lung enough to go around the pipe and of sufficient thick¬ 
ness to hold the pipe securely in their proper relative poaiuoax. Tin- plastic compound to 

be used in jointing the pip«i shall be that known as tbs.manufactured by 

the. of...or other plastic jointing mate¬ 

rial satisfactory to the Engineer. The compound shall be heated in a gasoline or other stdt- 
able furnace to a temperature slightly above that at which it can be poured rapidly and 
emootldy, and it shidl be kept at this temperature until used. After the pipe joint hM been 
calked, the melted compound shall be poured into the joints with the aid of a joint runner or 
gasket, in the same way that lead joints are poured. In ease the pipe joint is net com¬ 
pletely filled, the unfilled part of the joint shall be poured again with hot material ao na to 
form a complete water-right joint. Wherever permitted sections composed of two or three 
*pipe. may be jointed at the side of the uench provided the pipe are fadd firmly in oorraet 
^nment. In lowering the sections so made into the trench, a piece of Umber shall bs nm 
through the pipe to support their weight and prevent the joints or bells from being broken. 

8. Plain mortar joinu shall be made as follows: Befntre a pipe is laid, the lower half of tbs 
bell (d the preceding pipe shall be idastered on the inside with stiff mortar of equiU parts of 
Portland cement and bmkI, of suffioieBt thickness to bring the inner bottoms of tbs abutting 
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pipe flush a&d even. After the pipe is laid, the remainder of the bcU ahidl be Uioroagbly 
fliied with similar mortar, and the joint wiped inside and finished to a smooth bevel outside. 

9. The mouth of the pipe shall l>e carefully protected from all blasts, and rock excavation 
shall be fully completed at least 30 ft. in advance of the laying of the pipe. In all cases the 
mouth of the pipe shall be protecU'd by a board or other stopper fitted to the pipe so as to 
prevent earth and other substances from entering. 

10. In no case shall water bo allowed to rise in or about the pipe before the mortar of the 
joint has become thoroughly set No walking on or working over the pipe after they are 
laid, except as may be necessary in tamping the earth and refilling, will be permitted until 
they are covered with earth to a depth of 12 m 

11. Branch pipe shall be provided and laid as and whore directed. Open ends of pipe 
and branches shall be sealed with stoneware stoppers, eemented into place in an acceptable 
manner The branches shall he laid so that the tap is on an angle of 30 degrees above the 
horisontal 

12. The prices agreed upon under Item. . . shall include the entire cost of laying the 
pipe, branches and fittings, sealing their ends and supplying the stoppers for the seals, and 
supplying the materials and all labor for making the joints. Payments will be based on 
measurements of the length of the invert lines of the sewers, the length of the manhole 
inverts htung dedueted from said measurements Concrete cradles shall bo paid for at the 
stated priw per cubic yard in Ip-m, . and gravel or broken stone cradles at the stated price 
per cubic yard in Item. . .. 


ART. 20.—LAYING CAST-IRON PIPE 

1 The materials shall be distributed by the Contractor os required, and care shall be 
exorcised to prevent any injury in handling Proper tools and implements satisfactory to 
the Engineer for safely handling the pip<* and other materials shall be provided by the Con¬ 
tractor, and particular care shall be exercised to prevent the abrasion of the pipe coating. 
Wherever the coating shall 1 h‘ found to have been rubbed off to an unusual extent, the part 
ihall be thoroughly cleaned and recoated by the Contractor, aith Smith’s Durable Metal 
Coating or other paint satisfactory to the Engineer, and the Contractor shall keep on hand a 
suitable supply for such purpose 

2. All specials and other appurtenances rinjuircd for the pipe line shall be set by the Con¬ 
tractor as directed b> the Engineer without additional compcusalion. 

3. Every pipe shall l>e cleared of alt d6hrw, stone, dirt, etc , and inspected for cracks before 
being laid, and if found cracked the cracked portion shall be cut off by the Contractor before 
laying The l)*ll of the pipe shall be wijwd out Iwforc msertuig into it the clean spigot of the 
next pipe, which latter shall then be shoved home firmly against the bottom of the bell in such 
a mariner as to prevent the pipe l>pcommR displaced after the joints are poured with lead. 
The pipe shall be laid to line and grade as required. 

4. Only good sound hemp yarn or juti* pocking, braided or twisted, cut off in lengths as 
necessary and tightly driven home, shall be used 8aid yarn shall be furnished by the Con¬ 
tractor. 

6. The depth of the lead joints shall be about 2 in., measured from the face of bell after 
calking to the book side of the groove. The lead shall be furnished by the Contmetor, and 
shall be of the best quality, pure and soft and suiUble for calking. The lead melting pot 
shall be at alt times kept within easy reach of the joint, at a distance of not over 50 ft, so 
that the lead shall, under no circumstances, be chilled m being carried from the melting pot 
to the pi|>o The joint shall invariably be run at one pouring, using such ladles as may be 
neeewary. and shall thereafter be calked by skilled mechanics, using at least two sets 
besides the small set or chisel, in such a manner as to give a permanently tight joint flush 
with the end of the bell, without straining either the pipe or bell. 

6. The length of pipe to be paid for will be based upon the measurements taken along the 
center li^ of the pipe, including specials and other aj^iancos measured along their centef 
lines. 

7. The prioe per linear foot agreed upon under Item... shall include the cost of furnish¬ 
ing the yam, lead and all other materials used for laying and jointing the pipe, together with 
all cutting of the pipe and other labor necessary for the same. 
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ART. 21.—INLET AND CATCH-BASINS 


1. Inlet, nnd e»teh-b..in. .hall be built wherever ,ho*n on the drawln,, ^ .t „,h 
other place, a, may be ordered by the Eniineer durin, the props, of the w^ 

conform in every reepeet to the drawinm: they .hall be 
made perfectly water-tiijht by pla,terin« the wall, with cement mortar 1/J in. thick! 
new Md pouUnj any joint, where the Engineer conmdor, thl, necewary. They diall be 
furm.hed with caet-iron cover, when required by the drawing, and connected with the Hwere 
by vitriBed pipe and ,uch bend, and elant, a, may be required. All .tone, .hall he cut 
emoothly and aceurately to the dimen.ion, and .hape. ,hown on the drawing, Whme the 
‘'“J’ '>>' “““ce, they ihall have perfect joint, made water tight with cement mortar 

3. If Bagetone, are uwd in inlet, and c.tch-ba,iii, they .hall be eound. of uniform thiek- 
ne„ throughout, and free from imperfection,. They .hall he dremwd eniooth on the edge ,o 
M to make cloBo-fittm* joints, have square cornem. and be of the dmumsiuDs shown on the 
drawings. 


4. When inlets and catch-basins are to be rebuilt, the contraet priee stated in Item 
shall Include taking out the old inlets, rebuilding them anew at the same or such other loca¬ 
tion as may be ordered, but at no greater distance away than the nearest street. The Con¬ 
tractor must supply all the labor and materials required to build them anew, in aeeordanee 
with the drawings for new structures. All castings set or reset in connection with the 
rebuilding of inlets and eatrh-basins shall be in aeeordanee with the standard drawings. Tbs 
old castings shall become the property of the Contractor. The Contraotor shall furnish 
and set the curb in the gap formed by the removal of an old inlet that has been recon¬ 
structed at another location, without additional charge When it is necessary to lay a 
new pipe connection in the rebuilding of an inlet or catch-basin, payment will be mads 
for the pipe used at the price slated in Item . .. When an old inlet or cateb-baain. un¬ 
suitable for rebuilding, becomes unneoossary by reason of the construction of a new struc¬ 
ture, the Contractor shall remove the old structure without additional compensation and 
the old material shall become bis property 

6. In building or rebuilding inlets and catch-basins, unless otherwise ordered, the Con¬ 
tractor shall supply any materials and labor necessary to pave or repave the roadway and 
sidewalk in a manner which will restore them to their condition before the work began, in 
the judgment of the Engineer All sidewalk paving or repaving and all roadway paving or 
repaving on a gravel base shall be done without eitra compensation. All roadway paving or 
repaving on a concrete base will be paid for at the pnee fixed in Item. ,.. The price paid for 
each new inlet and eatch-basin shall include a length of not more than 35 lin. ft. of vitrified 
pipe m place, complete, for connectian with the sewer; any eznw will be paid for at the price 
of vitrified pipe stated under Item ..the price of excavation stated under Item..., and 
the price of pipe laying stated under Item... Where existing inlets or catrh-basms are to 
be reconnected to a new sewer, the connection shall be made entirely new from the inlet or 
basin to the sewer, in accordance «ith the drawings Any necessary repairs or alteraUons 
to the inlet or basin shall be made by the Contractor without additional cost. 

6. When telephone or telegraph posts, gas lamp posts or electric light posts must be 
moved, the Contractor shall employ the company or municipal department owning them to 
move them, and be will l>e reimbursed for this expenditure, the amount to be shown by pre¬ 
senting the receipted bills for the aork. 

7. The price agreed upon under item. . shall include In addition to the charges for the 
work and material enumerated in Clause ri, the cost of furnishing materials for and plaeing 
the concrete and brick masonry, the cost of furnishing and placing all dimension stones, the 
cost of setting the cast-iron frame and cover, and the coat of excavation, backfitllag and 
grading about the structures. 


ART. 32.—MANHOLES AND WELLHOLBS 

1.* Manholes of every type shiUl be built into the sewen of the sise, fonn, ihicknsM aiid 
in the positions shown in the drawings, and they shall be carried up to within... in. of the 
established grade or to some other elevation, as directed When not built up to within... 
in. of the established giwde of the street, the masonry or eoncrete shsdt be eovered, when so 
directed, with bluestones not less than fi in. thick or noth an approved rdnforoed oooertCe 
•lab to eupport the head. 
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2. Oq all oval or circular sewors of lew than 3 ft. bonsontal diameter, conau-ueted in any 
other than bard rock cicavalion. the manholes aha!! have a foundation as shown in the draw- 
inga. In hard rook, the manholes may bo founded at the springing line of the sewer, but 
the rock shall be shaped out to receive the masonry. 

3. Brick manholes shall be built from templets placed at top and bottom to guide the 
work, with not less than eight lines drawn between them, unless the Engineer authorises 
the omission of their use. The connection with the arch must be true and secure, and in the 
manner shown on the drawings The punts are to be neatly struck and pointed on the inside, 
and the outside of the brickwork must be neatly plastered with cement mortar as the work 
progresses. An approved proportion of brickbuts may bo used in manholes. 

4. Concrete manholes shall be built of the sires and dimensions shown on the drawings. 
The concrete shall conform to the reijuircments of Article 16. If permitted by the Engineer, 
the shaft of the manholes may be constructed of reinforced concrete pipe, in which case 
great rare must be taken to secure tight joint.s. 

6. Iron sti'ps of the dimensions shown in the drawings are to be built into the brickwork 
or concrete IS in. apart vertically, unless otherwise indicated m the drawings. They shaU 
be galvaniswl, or coivteci with red lead paint or coal tar varnish. 

0. Unloiw otherwise indicated on the drawings, every manhole shall bo provided with a 
cast-iron frame and cover of the dimensions shown in the drawings The covers shall be 
free from imp<Tfertions. thoroughly cleaned and coated with coal tar varnish of approved 
quality, and if so ordered be provided with a galvanised bucket of the dimensions shown in 
the drawings The weights of the castings shall he certified by the foundry furnishing them 
to he as follows: Ventilating cover and frame, complete,. . . lb ; closed cover and frame, 
oomplete.. . . lb. The castings shall conform as to quality to the requirements of Article 
13. The cover shall have a rt>iitinuous and even liearing on the frame, and bo properly sot to 
avmd rocking. All inequalities, projections or roughness on abutting surfaces of the cover 
and the frame shall be removed, and the cover fitted into the frame as neatly as possible 
without jamming 

7. WoUholos shall have briek walls 13 in thick, unless otherwise shown on the drawings, 
with such openings, slants and bullseyes as may be required. The foundation shall be bmlt 
of stone masonry or conerete, upon a hard approved bottom or upon the sewer cradling 
eitended as may Im* directed. I’poii it flagstones or granite block pavement not less than 4 
In. thick shall be laid to the proper grade and well bedded in cement mortar, forming a rec¬ 
tangular surface, the smaller siile of which shall not bo less than the exterior diameter of the 
wellhule. The brickwork shall 1>« built on this foundation from templets to guide th® 
work. The inside joints shall l>e carefully pointed and the outside of the brickwork shall bo 
plastered with cement mortar us the work progresses. The connection with the sewer shall 
be true and secure, and at an angle of 46 deg in the direction of flow in the sewer in ease the 
wellholc does not rise from the side walls of the sewer. 

8. Drip stones of flagstone or very hard concrete shall be built into the brickwork every 
5 ft., reckoned from the lop of the foundation, but no drip stone shall be located at a distance 
lees than 5 ft. from the bottom of the sewer connecting with the woUhole. They eball pro- 
ieet half-way across the wellholc and alternate in their position, so os to break the fall of the 
■ewage, and shall be not less than 4 in. thick and in length equal to the interior diameter plus 
9 in. and in minimum widt h 4 in. greater than half the inside diameter of the wellhote. 

9. The top of the wnlllmle shall lie drawn in all around to within 3 ft. of the confirmed 
grade and to a diameter of not Itw than 2 ft., and then covered with a flagstone or concrete 
slab 6 In. thick, or the brickwork may be extended to the confirmed grade and provided with 
a manhole frame and cover, as may be directed. 

10. The price per cubic yard agreed upon in Item... is for the entire cost of construc¬ 
tion of the manholes, of furuishing all matenale except the etepe, and of placing all materials, 
Including all metal work. 


,^T. a3.-CURBraG, GUTTERS AND SIDEWAUCS 

1. In genenU. all curbing and Mdeemlk paving disturbed in the execution of this oon- 
traci ahalt be reiaid in accordance with the roquirementa of the monidpal depanmeot in 
charge of atreet work. The Kiigtoeer shall determine whether the Contractor aball restore 
ttM curbing and eidewalk paving to ita ooediUoa immediately before the beginning of wtwk 
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thi. contriKt or .hoU c«ry out tb, work i« wu^ordonro with tho luWM lood 
uom Jor now curbta» nod dd.wdk. of tho «„,o ,o,nord rl™. ,10 ^1^ 

“t •"■•''rl rondwayo shall bo pand wboro dinetnl 
with mbblo^ Bold or random stonos of satisfactory qudity, none of wbioh shall bo loJ^ 

fhTlI LT” tTTL ’**" ** “* illmonsions. Th. 

shaU bo carofully Imd by hand to lino and «rado, well bodded In flno gravol or sand and t^ 

oughlyj-^mod. Tho joints shall bo filled with sand. Payment lor all materials and labor 
required for gutter paving will be made under lUon, .. Should suob pavement, witMta 
cement grout or eand. eettle or become diaplaced, or should there 


joints filled with Portland 

bo any doloetivo work of any kind,'such work mu7t"^'lomoved at one. and replaoed by th. 
Contractor m a eatwfactory manner without additional compcneaiion. 
t,\ •'■nil bo in lengths of at least & ft. and straight curbing fi ft. 

It shall be of first quality.at least Sin. wide on top and 10 in on the base and 24 In 

deep. No closure shall be less than 4 ft. in length, and there shall be no o(f«,t in the finUhml 
curb, unless called for by the drawings or by the Engineer. Where stone curb U set adis- 
oent to a grati^top inlet or where a grate-top inlet is built or rebuilt adjacent to curb already 
set, the curb shall be dressed the entire dejitli, so as to allow the easting to fit closely to it, 

4. Curbstones shall be cut to bevel with the side walls of eateh-bssins and iniru. If so 
required by the drawings, and bo drcssrol on the ends, if necessary, to fit the cast-iron covers, 
which shall conform to the general level of tho sidewalk and be set a sufficient distance from 
the edge of the curb to prevent displacement or injury by passing vehicles. Where curbs 
upon which the casting is to ivst are out of line or grade, or too short for the purpoae, they 
shall bt* reset and adjusted as direct-ed, without extra charge 

6. Concrete curbing shall be eoniposed of a mixture of one part of Portland cement and 
six parts of sand and ballast, in the absence of other din«ctions. and, unleiia required by the 
drawings to be of a different cross-section, shall be 6 in. wide on top, 18 in. deep, with a ver¬ 
tical face and a back sloped I to 5 The lumber for forms shall be dresiml on the edges and 
on tho side next the concrete, and bo set securely so that the curbing, when nomplo««d. ahall 
conform accurately to line and grade After the concrete has bwii dnposited. it shall bs 
spaded back from tho face of the form to a depth of at least 8 m.. and to a width of not less 
than 3/4 in. at the top. The space* thus formed shall be filled with a mixture of 1 part of Port¬ 
land cement and 1-1/2 parts of sand, by volume, and the concrete and mortar shall tbenbs 
thoroughly spaded anu tamped. Atop layer of the same mortar 3/4 in. thick shall bo appUed 
immediately and thoroughly troweled to a smooth, uniform finish, special care being taken 
to produce a perfect bond between tho mortar and concrete After the forms have bssn 
removed, all faults of any sort shall be filled with mortar and smoothed, so that the top and 
the face for a depth of 8 in. shall bo /hm* from defects. The fresh concrete shall be sprinkled 
and protected from the weather as directed by the Engineer. 

6. Where an open or covered crons gutter or pipe drainage channel exists in the surfaes 
of the roadway, which will be rendered useless by the construction of a storm inlet, the Con¬ 
tractor will be required to remove the whole of it and lay or relay the pavement to the grade 
and surface designated by the Engineer. This work shall be done without extra charge, and 
all iron pipe and gutter covers removed shall remain the property of the city. 

7. Where granulitbio sidewalk is required, the site sliall be excavated and graded to the 
width directed, to a subgrado 18 m. below and parallel to the top of the finisbed pavement 
where the excavation is in earth. Tlie IkkI shall be thoroughly compacted by rammisg to the 
prescribed lines. If tho excavation be in solid rock that requires blasting, the lubgrads 
ahall be not lees than 8 in. below the finished top. On the subgrade eo prepared, a founda¬ 
tion of clean cinders shall be placed in two layers, which shall each be well conaolkiatcd by 
ramming with a rammer weiring at least 75 lb. The cinders shidl be well watered during 
ramming, and the top surface shall be brought to a height 4 in. below and psiallsl to the 
finished surface, which shall have a transverse grade 1/4 in. per foot upward from the curb. 

• On ^this cinder foundation shall be placed 8 in. of cement concrete thoroughly ooinpaetsd, 
which ebidl be cut by joints into blocks not larger than fi ft. square, the joints to extend (tear 
through the concrete. On this base, before the concrete has attained ite initial set, 
placed t|^ wearing course.eonsistiag of a stiff mortar of 1 part cement and sand and S-1/8 parts 
of oruabod granite or other stone approved by the Engineer, the largest particlee of which 
idudi paee through a 1/2-tn ring and tite smalleet be retained on a ] /4-in. soresn, free from dost, 
loam or earthy ami o^aoie tubstaocee. This mortar shall be laid to a full de pth of 1 la,, 
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<;in-fully floated, and troweled to a smooth, even sur/ace. A drier made o/e^uaJ oarto 
sand and cement, well mixed, shaii be sprinkled in a dry state over the surfaoe, and tiea 
floated and troweled. Joints shall be made clear through the wearing surfaoe, directly over 
the jointfi in the concrete haee, troweled with a small jointer, and the entire surface indented 
in a manner Batisfactory to the Rnpneer When the pavement is completed it ehali be kept 
covered for 3 days, and shall be kept moist by sprinkling and thoroughly protected against 
freesing. 



CHAPTER XVm 

OPERATION AND MAINTENANCE OF SEWERAGE SYSTEMS 

The investment in sewerage systems in this countrj- amounts, roughly, 
to from $10 to $40 per capita of population residing in the sewered 
cities. According to the special reiiort on "Statistics of Cities, 1908," 
is-sued by the U. S. Bureau of the Census, the replacement value of 
such sj^stems in cities of 30,000 inhabitants, or over, aggregates over 
$550,000,000, not including the systems of several large and a number of 
smaller cities. 

In view of this investment, it is remarkable that so little attention has 
been given to the operation and maintenance of sewerage systems. 
The public, and particularly City Councils and Mayors, realize that 
money must be furnished for the operation and maintenance of pumping 
stations, but they are slow to understand the necessity of expenditures 
for the operation and maintenance of the sewers. In fart, few citizens 
or councilmen have the slightest conception of the network of sewers 
beneath the streets, or of the difficulties encountered by the Sewer 
Maintenance Departments. When a sewer fails to perform its work, 
however, there is likely to be serious complaint and the criticism of 
those in charge is often unfriendly, to say the least. One of the im¬ 
portant duties of those responsible for the operation of these systems is 
to enlighten the proper authorities upon the necessity of properly oaring 
for them, keeping them clean, repaired and ready at all times to serve 
their purpose. With sowers, as with most other structures, it is less 
expensive to make minor repairs from time to time when necessary than 
to allow the defects to await a more convenient time for repair. Serious 
damage may often be avoided if inspections arc frequent and small 
repairs are made promptly. 

Inspection.—A knowledge of the physical condition of sewers k 
necessary for their proper operation. As sewers arc below the surface 
of the ground and never seen except at times of cleaning, repair, or special 
inspection, it is evident that such knowledge must generally be obtained 
through inspection. 

Special structures, such as regulators, tide-gates and inverted siphons, 
should be inspected at frequent and regular intervalB. For example, 
regulators ought to be examined nearly every day and siphons about once 
each ibonth, while flush tanks require inspection at least once each week. 
Sewers in which considerable quantities of detritus accumulate sbotdd 
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be examined three or four times a year and a general inspection should 
be made of the entire system once annually. The small sewers at the 
upper ends of sj'stems and all sewers having exceptionally flat grades 
should be examined whenever flushed by hand, the interval between 
such inspections varjdng with local conditions but usually not exceed¬ 
ing one or two months, where systematic and thorough flushing is 
practised. 

The general annual inspection is a continuation of the monthly 
inspections of the small sewers recpiiring flushing. Most of this work 
should be done during the wariiKW jmrtion of the year, when the manhole 
covers are accessible and easily removed. The masonry sewers large 
enough to ])ermit of direct internal insi)cetion may be examined during 
the winter, when the temperature and quality of air in the sewers are 
more favorable than during hot weather. 

The annual inspection should be sufficiently thorough to reveal any 
defects in the masonry of manholes or large sewers and to detect the 
presence of unusual deposits. This may generally be done by merely 
noticing the strcjun of flowing sewage at the manholes. If there is 
obstruction, it will be evident at the manhole next above, where the 
sewage will be found to be backing up. Occasionally, a more thorough 
examination should be mode to learn of the condition of the smaller pipe 
sewers. This can be done by looking through the sewers from manhole 
to manhole, often without artifi(nal light or reflectors. Where necessary, 
mirrors may be used for throwing a pencil of light through the pipe or 
candles on floats may Ix) sent through the sewer if gases are absent. 
By means of such light, it will be possible to detect any serious defects in 
the pipe, although small cracks are difficult if nut impossible to see at a 
distance from the manhole. Such thorough inspection need not be 
made annually, but should be made often enough to give the super¬ 
intendent a clear knowledge as to the general condition of the sewer 
system. 

Careful and complete records, conveniently indexed, should be made 
of all inspections. Where repairs are found to be necessary, even 
though they be slight, like the pointing of the brickwork above the frost 
line in manholes, they should be promptly made. 

When a sewer is to be entered or a lighted lamp or candle is to be 
lowered into it, groat care should be exercised to avoid danger of explo¬ 
sion. Men accustomed to this work will quickly perceive the presence 
of illuminating gas or gasoline vapor by the odor. This is the safest 
method of testing the air, but the observer should be careful to note 
whetheis^the air is entering or emerging from the manholes, otherwise 
he is likely to mistake the absence of odor for the absence of gas in the 
sewer. If it is necessary to enter the manhede to determine the' pres¬ 
ence of gas, this should be done without a light, unless it be an electric 
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lamp, and the man entering should wear a life belt with a line 
to his helpers at the top of the manhole. Although seldom done, ft 
IS always wise to open several manholes on the sewer to bo entered 
some little time before the entrance is to be made, in order to provide a 
change of air within the sewer. 


An inspection in, or even very c'ose to a manhole, should never bo 
attempted by one man alone; the inspector should have at least one 
helper both for hie protection and that of the pubUc, and usually more 
than one. The helper should remain standing at the top of the manhn; . 
to warn approaching persons of the opening. Where the inspector is 
to go from manhole to manhole through the sewer a second helper should 
precede him to the manhole below that at which he enters. When the 
inspector has reached the second manhole, the second helper signals the 
one at the first manhole, who replaces the lid and passes on to tlie 
third manhole, awaiting the arrival of the inspector at this point. Throe 
men constitute the minimum safe size of gang for such inspection 
and preferably two men should go together through the sewer. 

Deposits in Sewers.—Deposits which are found in sewers may be 
subdivided into two classes, first, heavy deposits consisting of sand, 
gravel or road detritus, which require scraping or some similar process 
for their removal, and, second, deposits of light organic subkances 
which may be flushed along the sewer until they reach a point beyond 
which there is sufficient velocity and depth of flow to carry them along. 
If the heavy deposits arc allowed to accumulate, the capacity of the 
sewer will be materially reduced and dams are likely to be formed behind 
which the sewage will be impounded and the organic matter will settle 
and decompose, giving off offensive odors. In the smaller and flat 
sewers, especially at the upper end of a system, organic matter is likely 
to accumulate, due to lack of sufficient depth of flow and velocity to carry 
it along. 

Much has been said about different means of flushing, and while 
attention should be given to this subject, the authors are inclined to the 
view that there has been a tendency in some cases to overestimate the 
ill effects of comparatively slight accumulations. It is certun that 
little flushing is done in the lar^r cities, with comparatively lew 
resulting stoppages sod without complaint of objectionable odors. 

The deposits found in the larger combined sewers and storm drains 
consist of sand and road detritus, the character and amount of which 
depend to some extent upon the natural soil and the street surfaces, 
.as well as upon the slope of the surface of the land in general. Where 
organic deposits are covered with water decomposition is accompanied 
by disintegration and the coarse material which was deposited passes 
away as finely divided suspended matter, or is carried to the surface in 
masses by entrained gases and borne altmg by the flowing sewage. 
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Heavy oils and tare mixed with detritus form a sort of cemented 
deposit which will not be scoured or flushed out of the sewer by ordinary 
velocities of flow. Such deposits arc often found below connections 
from gas works, unless special precautions are taken to prevent the 
discharge of tar. Even where provision is made for recovering tar 
from the gas wastes, quantities of it and of heavy oil are likely to pass 
away from the plant and find their way into the sewer, unless some 
sort of filter beds are provided which will remove such substances from 
the water. 

Grease from hotels and restaurants is a cause of frequent partial or 
complete clogging of sewers. The large quantities of hot water con¬ 
taining the grease are not sufficiently cooled for the grease to be inter¬ 
cepted by the traps and it accordingly is deposited on the walls of the 
house connections and sewers. E. S. Dorr, head of the Boston 
sewerage work for many years, reports that this trouble became so 
important in the localities near large restaurants that he made continu¬ 
ous efforts to have satisfactory grease traps installed to prevent grease 
from getting into the sewers. The largest traps made by manufacturers 
of plumbers’ supplies were entirely too small for this purpose. The 
quantity of hot water being received all the time kept them constantly 
heated and allowed the grease to be carried through to the sewers. 
One large restaurant made an effort to solve the difficulty by a basin 
4 X 10 ft. in plan by 4 ft. deep, which was crossed by several baffles. 
This improved conditions so that where formerly they removed about 
175 lb. of grease per week, they now succeed in getting on the average 
about 900 lb. As much of this may be sold for 5 cents a ])ound, the trap 
will eventually pay for itself, although in this particular case the original 
cost was about $800. 

An interesting instance of accumulations in a sewer in Lynn, Mass., 
was described before the Sanitary Section of the Boston Society of 
Civil Engineers, by A. C. Townsend (Jour. Assoc. Eng. Socs., 1904, 
p. 239). In this case a targe tank of boiling soap was accidentally dis¬ 
charged into a 36-in. brick sewer having a slight grade. The weather 
at the time was cold and for 300 or 400 ft. the soap congealed and 
nearly filled the sewer. It was necessary to send men in and actually 
cut out the soap. 

Most of the Manhattan sewers, the mouths of which are tide-locked 
and the bottoms of which lie below high tide, were found by the Metro¬ 
politan Sewerage Commission to contain considerable deposits of silt 
and sewage solids forming as a rule a dense mass difficult to remove with¬ 
out thtf use of tools. In neighborhoods where considerable grease 
escapes with the sewage the rise and fall of the tides has coated the 
sides and tops of the sewers with congealed grease, in some cases as 
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thickness. In the sewers where steam and hot water 
enter^ the c^ors from the cooked sewage are unusuaUy disagreeable. 

A description of conditions found inside a large sewer in Columbus 
Ohio, was given by Julian Griggs, formerly chief engineer of the Depart 
ment of Public Service of that city, in Engineering .Veres, vol. xUv, 
p. 443. The deposit is described as being mosUv road detritus mixed 
and stratified with layers of tar from 1/8 to 1/4 in. thick, and from 1 
to 2 m. apart. The foUowing description of growths in the sowers is 
of particular interest: 


‘ Toad stools upto3-l/2m.m diameter in all stages of growth and decay 
were found on the sides and top of the sewer in abundance, and under the 
part having a ^ver of 40 ft. . . . The mycelium of a fungus exunmon in 
Mai mines, which resembles the tough fibrous roots of a tree, was found 9 in. 
in length, growing in patches from the top of the sewer; and in one place a 
thick bunch or cluster 20 in. in diameter and 30 in. in length, was attached 
to the side of the sewer above the spring line." 

A description of stoppages in a sewer system was given in/our. A moc. 
Eng. Socs., vol. xxxiii, 1904, p. 227, by F. Herbert Snow, Chief Eng. 
of the State Department of Health of Pennsylvania, as follows: 


“ During the year, in the street mains and connections, there were 482 
ordinary stoppages and 134 more on private property, making a grand total 
of 616 stoppages chargeable to the operating account of the sewer system. 
In analyzing the causes of these stoppages* it was found that 

Grease caused 10 in mains and 8 in outside connections 
Sand caused 25 in mains and 20 in outside connections 
Rags caused 83 in mains and 47 in outside connections 
Breaks caused 16 in mains and 21 in outside connections 
Misc. caused 79 in mains and 128 in outside connections 


"The 222 stoppagM in the mains cost 11063, or 14.79 per stoppage. 
The 260 stoppages in the outside connections cost $594, or $2.28 per stop* 
page. The total cost of each one of the above causes according to the clasu- 
fication in the table was as follows: grease $180, sand $208, rags $444, breaks 
$139, miscellaneous $677. But most of the miscellaneous stoppages were 
caused by the accumulation of grease between the street line and the sewer 
main, and about onc*balf of the inside stoppages originated from this source." 


A description of conditions in Newton, Mass., is given in the same 
place by Dona Libby, deputy street commissioner in charge of sewers 

of that city: 

^ . 

“Yhe gtreets of Newton are lined with shade trees, and their roots readily 
follow down through the leas compact earth in the sewer trench and find de¬ 
fective Joints if any exist. The underdrains become clogged with these roots 
much more frequently than the aewers, as they are laid with open joints, but 
• This apparently refers to the 482 ‘‘ordinary stoppages;" the figure 8 
for stoppages caused by grease in outside connections should probaUy be 
38.—M & E. 
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the number of stoppages in sewer pipe, due to an accumulation of roots, his 
been far greater than was ever anticipated.” 

In the same discussion it was stated that in 1903 there were 15 
stoppages in main sewers in Waltham, Mass. Of these 8 were in 6-in. 
pipes, 6 in 8-in. pipes and 1 in a 10-in. pipe. Roots from trees caused 
8 stoppages, a brick one, sticks two, ribs of an umbrella one, paper one, 
ice one, and one by a cause undetermined. The average number of 
stoppages for four years was 14. At Brockton, Mass., stoppages in 
separate sewers were said to be practically unknown, perhaps four or 
five in eight years. In 1903 there was one stoppage in 1700 house 
connections, the standard size being 5 in. A shoe factory employing 
about 2500 persons was served by one 5-in. connection. 

Particular attention should be given to the condition of sewers in the 
immediate vicinity of industrial plants such as gas works, packing houses 
and tanneries, from which large quantities of suspended matter likely 
to be deposited may be discharged. Many cities have adopted ordi¬ 
nances sufficiently broad to prevent the discharge of material which will 
prove injurious to the sewers or interfere with their successful operation. 
While the enforcement of such ordinances may be difficult, it furnishes a 
means of avoiding the trouble and expense resulting from such deposits. 

Flushing Sewers.—Sanitary sewers and the small laterals of 
combined sewer systems are generally cleaned, if at all, by flushing. 
There are several methods of doing this work. Some have held that 
small lateral sewers should be flushed daily, on the theory that none of 
the organic suspended matter should be allowed to accumulate in them 
and remain to putrefy. To provide for daily flushing many types of 
flush-tanks have been designed, some of which are illustrated in Volume 
I. Much trouble has been caused by the clogging of the aperture 
through which water enters the tank so that in some places it has been 
found necessary to inspect the tanks almost daily to make sure that they 
were operating with the desired frequency. This has taken so much 
time that some engineers have substituted for each tank a simple water 
connection, from which a properly located manhole can be filled when 
desired by temporarily closing its outlet, which is opened as soon as 
the desired quantity of water has been stored. In some cases it 
has taken little more time to flush the sewers in this manner than to 
attend to the automatic flush-tanks. It has the advantage of requiring 
water only while flushing is actually going on and if conditions do not 
require daily flushings a saving in water is likely to result. 

Still#nother method is to flush the sewer by means of a direct water 
connection of good size, about 1 in. when a good pressure is available. 
Such a connection is opened by a long-handle socket wrench, end the 
sewer can be thoroughly flushed in the time a manhole can be filled 
and discharged. This scheme has met with some favor because it 
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i^dg the trouble sometimes experienced in temporarily olosin* a seww 

mile the flushing manhole is being filled. 

Many of the older and larger systems are flushed irith a targe stream 
from a fire hose attached to a hydrant. For such flushing the hose is 
carried upon a reel in a wagon from street to street, making a oireuit of 
the city. At least three men are required and it is usually more 
economical to provide four. One objection to this method may come 
from the water department or company, which may object to having 
the sewer employees operating the hydrants. A good method of 
meeting this objection is to allow the water department to furnish a 
man to attach the hose to the hydrant and to attend to operating the 
gate. Where this is not done a memorandum should be made of all 
hydrants opened, which should immediately be turned ova- to the water 
department so that they may be inspected. By adopting the former 
method this inspection is made unnecessary. 

Much discussion has arisen over the propriety of charging sewer 
departments for water used for flushing or other purposes. Whatever 
the final decision may be, in any case there can be no doubt that the 
quantity of water so used should be measured by meter and made a 
matter of record, othcrwi.se there will be a tendency toward waste, and 
the water department will have no record of the purpose for which this 
quantity which has been furnished to the city has been used. Pipes 
supplying flush-tanks and flushing manholes should be metered in the 
usual way. Where flushing is done by hose a portable meter mounted 
on a short plank provided with handles should be used. It can be kept 
attached to the hose at a point near the end to be attached to the 
hydrant, thus avoiding the necessity of connecting and disconnecting 
the hose with it each time. 

Where sewers arc flushed by the hose method the system is usually 
given a thorough cleaning each spring and fall, and a less complete flush¬ 
ing at intervals during the summer. It is usually impracticable to do 
such flushing during the winter in the northern part of this country. 

In a discussion of methods of sewer cleaning, published in the Journal 
of the Association of Engineering Societies, vol. xxxiii, Bertram Brewer 
stated that a thorough cleaning was given the sewers at Waltham, Mass., 
every spring and fall and that they were flushed on the average five 
times during the summer season, at a cost of $6.56 per mile for the entire 
system. At Waltham, as at Newton and Medford, Mass., pipes from 
the water mains discharged into summit manholes which were at a 
long distance from hydrants. Flap gates held back the water until the 
ma^oles became filled. There were idxHit 38 miles of sewera in Widtham 
with 104 flushing manholes and 117 manhdes for 2-1/2 in. hose 
flusbMg, or 221 places which were regularly flushed. C. R. Fdion 
stated that all summit manholes in Brockton, Maas., were connected 
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with the water mains, some with l-in. pipe and others with 1-1 /2-i# 
pipe, under 60 lb. pressure. At Concord, Mass., W. D. Hubban 
reported $20 to $25 per mile per year was spent for cleaning a separatt 
system of 7.53 miles. The dead ends of the system were provider: 
with 320-gal. automatic flush-tanks discharging daily. Mr. Hubbard 
thought these tanks were effective for a distance of about 500 ft. Where 
no flush-tanks were provided, the manhole was filled by hose, the 
sewer being closed by pushing into it a plug made of sheet rubber, 
backed with canvas and packed between two circular pieces of wood of 
about half an inch less diameter than the pipe. Sewers requiring 
this method were flushed twice a year. 

Dana Libby stated that there were 96 miles of sewers, 80 of which 
were 8-in. pipe, in Newton, Mass., in 1904. Two men with a three- 
wheel push-cart attended to the flushing and cleaning throughout the 
year, covering the entire system in from four to five weeks. The 
system was provided with flushing manholes equipped with 1-1 /2-in. 
water connections. Rubber-bound wooden plugs, made of the right 
sise to fit the outlet, were used to stop the sewers until the manholes 
were filled, when they were drawn out and the water allowed to flow 
through the sewer, giving it a satisfactory flushing. 

At Melrose, Mass., according to W. D. Hunter, a separate system of 
about 35 miles was cared for as follows: Starting at the summit the 
laterals were flushed or cleaned toward the mains and then the mains 
were cleaned, sweeping everything down to the sump, where the local 
sewer connected with the metropolitan interceptor and any deposits 
could be readily removed. The cleaning or scraping was done by a 
steel hoe having the shape of the pipe with a joint or hinge so that in 
pushing it backward, it partly collapsed or shut up. Back of this hoe 
was a follower, consisting of a bag or bundle of bags made into a roll 
2 or 3 ft. long and wound with a small rope so as to fill the smaller pipe 
entirely. The follower tended to hold back the water and when pulled 
into the manhole there was a rush of sewage tending to flush the solid 
matter along. Any heavy material which remained in the manhole was 
removed and carried to the dump. The same method of cleaning was 
followed in the larger pipe, except that the bag or follower did not 
entirely fill the sewer. It was kept on the bottom by being weighted 
OT fiUed with sand. The cleaning was done once each year, usually in 
the winter. The annual cost of flushing or cleaning the system was 
equivalent to $17 per mile of sewer, including labor, teams and all 
incidental expense. 

Geoife A. Wetherbee stated that Malden, Mass., had 47 miles of 
separate sewers ranging from 6 in. to 3 ft. in diameter. The cleaning 
cost a little less than $5 per mile per year. The end manholes uTWall 
sewers were provided with 2-1 /2-in. water pipe connections. When a 
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Fio. 161 —Hoots removed from undcrdrains, Newton, Mass. 
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^er WM to be fioAed, tbe outlet from the manhde wm iton)ed by 
.Seans of a tin form put ioth the sewer. The manhde was then iUed 
with water after which the tin form was removed and the seww flushed. 

E. W, Bsaneh repmted the cost of flushing and deaning lewm in 
Quincy, Mass., at 11500 annually, the system comprising 40 miles of 
s^ate sewers. The cost was, therefore, about I37.S0 per mile of 
sewer. The sewers were flushed about once in sbt weeks from flushing 
manholes at the summits, of which there were about 125. A fungus 
growth appeared in some of the sewers, which was removed by means of 
a rattan brush. This fungus grew below the surface of the sewage and 
clung to the sides of the pipe, in some places leaving only a narrow 
channd in the center for the flow. 

At Springfidd, Mass., where the sewer system comprised about 26 
miles of masonry and 75 miles of pipe sewers, A. A. Adams reported 
that the flushing was done by means of direct connections to the water 
system at all terminal and some intermediate manholes. The system 
was flushed systematically once in four to six weeks, which proved 
sufficiently often. 

In the report of the Massachusetts State Board of Health for 1898, 
page 674, is a description of the trouble caused by the growth of the 
fungus leptomilus in the main sewer of Westboro, Mass. This organism 
grew on the inside of the sewer and was present at times in such quanti¬ 
ties that the sewer was dogged and it was necessary to remove the 
growth by scraping. The organism was found only in the portion of the 
sewer in which leakage occurred and its growth appeared to be in some 
way associated with the presence of large quantities of ground water. 

Removing Roots from Sewers.—Much trouble has been caused in 
some cities by the growth of roots within sewer pipes. In such cases, a 
fine, hair-like root finds its way through an imperfect joint, and after 
reaching the inside of the pipe this root branches and grows, sometimes 
forming an enormous mass of hair-like filaments, illustrated by Fig. 161, 
from a photograph kindly furnished by Edwin H. Rogers, city engineer, 
Newton, Mass, Some engineers hold that it is useless to remove such 
roots from time to time, as they will soon grow again, and that it is 
wiser to spend sufficient money to dig up and repair the sewer, thus 
preventing the admission of roots. 

A spring root cutter was designed and used at Newton, Mass., by 
C. W. Roes, street commissioner. This cutter is shown in Fig. 162, and 
lees distinctly in Fig. 161. It is made of qiring steel 1/4 in. thick Mid 
ssd^Qit 3/4 in. wide, with the outer edge sharpened like a knife. Tl» 
ends of the springs, being small, are easily pulled into a bunch of roots 
and the cutting action caused by pulling the spring backward and for- 
wonfls sufficient to loosen a very compact mass. The cutting siwing 
is sometimes provided witii a helical inner spring instead of the dialn 
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Bhowrn in Fig. 162, to draw the cutting spring back to its proper positi 
after it has been stretched by being pulled. 

W. D. Hubbard stated that at Concord, Mass., if there was a joint 
in the sewers in which there was a hole as large as a knitting needle, a 
root would enter it and grow from 5 to 10 ft. long. For removing such 





Fio. 162.—Ross root cutter. 


roots, he used a wire brush made of thin strips of flexible steel. Upon 
being drawn through the sewer the brush tore off the root where it 
entered the pipe. 

Removal of Heavy Deposits from Sewers.—Separate sewers may be 
laid on very flat grades without danger of serious trouble from deposits. 



■* ” Inclination I ZOO j 



Fio. 163.—Sewer cleaning device, Walsall. 


Combined sewers and storm drains, on the other hand, must have witto 
them a velocity of at least 2-1 /2 ft. per second when half full, to pref^ 
such deposits. This fact is probably more clearly understood to-day 
than 60 years ago when many of the older combined sewers vaUhis 
country were designed. There diould, therdore, be relativdy fewer 
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l^ture deposit* in places where ample grades can be provided, 
'fhere are, however, cases where sufficient grade to prevent deposit 
can offiy be obtained by pumping the sewage, and in some such cases it 
may be more economical to remove such deposits from time to time 
than to provide for continuous pumping of sewage and the occasional 
pumpmg of storm water in very large quantities. It is, therefore, 
important to consider methods for removing such deposits, both 
because those in old sewers must be removed from time to time, and 
because in all probability in many places it will be necessary in the 
future to build sewers with such flat grades that deposits will occur at 
certain points. 

A sewer cleaner. Fig. 163, used at Walsall, England, was described by 
R. G. Anvel in Enginehing Newt, Nov. 16,1899. This device, weighing 
about 550 lb. consisted of wrought-iron claws, ten on each side, working 
on a common axis which permitted them to pass over irregularities in 
the invert. The bars above the axle prevented the claws from doub* 
ling over backward. The device was pulled backward and forward 
through the sewer, by means of two steam plowing engines and wire 
ropes. 

An interesting piece of sewer cleaning was described by J. N. Ambler 
in Engineering News, June 25, 1908; this was done on a 24-in. pipe 
sewer 2200 ft. long at Winston, N. C. It was about half full of sand 
and filth, cemented by gas tar and almost entirely obstructed in places 
by growths of roots. A tool made of steel bands bent around hoops, 
h ig. 164, was used to loosen the upper part of the compacted material 
and to cut the roots. Water was admitted to the upper manhole, 
and as the cleaner was pulled backward and forward, the sediment thus 
loosened was flushed to the lower manhole where it settled in the water 
impounded behind a temporary dam. While this apparatus gave 
excellent results in loosening the obstructing material, the apparatus 
illustrated in hig. 165, called the "butterfly,” proved more effective in 
forcing it to the lower manhole. As the butterfly was dragged down 
the sewer, the wings opened, taking a considerable quantity of sedi¬ 
ment with it. When being drawn back, the wings closed, thus reducing 
to a minimum the interference with the deposit. A streiun of water 
was ^ used while the butterfly was being drawn down the sewer. Both 
the cutter and the butterfly did more efi'eotive work when weighted to 
hold them down in the deposit. The wire cable for drawing the iq^aratus 
was drawn back and forth by means of windlasses. 

.—Jhe sewer was thoroughly cleaned and put in service in two memths. 
The foreman was paid $55 per month and laborer* $1.50 per day of 
ten hour*. Two to three laborers were employed, the total cost of 
lahcf'Tieing $144.39 and of foranen, $110. The estimated cost rf 
cleaning devices and supplies was $20. The total cost of the w(»k wm 



Fig. 164 ,-Hoop cleaner. Fig. 163 .— Butterfly cleaner. 

The Turbine Sewer Cleaner is an apparatus consisting of a barrel 
provided with four runners, Fig. 166, on which it rides when moving 
through the sewer, and carrying a water motor, the shaft of which ex¬ 
tends out from the front end and carries a series of hook-shaped cutting 
blades. The motor is oiierated by water from a hydrant, delivered to 
one end of the cleaner through a fire hose. The cleaner is hauled through 
the sewer between manholes by means of windlasses and is said to have 
cleaned an 18-in. sewer 371 ft. long at a cost of $2.52 per foot. The 
apparatus is made by the Turbine Sewer Renovating Machine Co nf 
MilwMikee. 

_A d^cription of the cleaning of sewers of heavy detritus is given by 
IVederick L. Ford in hii annual report of 1905 as city engineer orHwt- 
ford. Conn. Sewers 3,4 and 6 ft. in diameter, respectively, were cleaned, 










MAINTENANCE OF SEWERAGE SYSTEMS 


503 


the first by the use of pails, and the second and third by the use of whed- 
barrows. The length of sewer cleaned, the quantity of detritus removed 
and cost per load and per foot of sewer are given in Table 72. 

Tabus 72.— Data Relatino to Cleaning Labue Sewers in HABTroRD, 
Conn. 


Sim of sewer, ft 

LoDgth of 
ft. 

Loads removed 

Cost per load 

Cost per foot 
of sewer 

3 

1916 

107 

14.36 

10.243 

4 

2225 

01 

3.99 

0.109 

() 

5128 

107 

;i 62 

0 075 


The average distance cleaned per man per day was as follows; 3-ft, 
sewer, 0 ft.; 4-ft. sewer, 33 ft.; ti-ft. sewer, 32 ft. 

The Thompson Sewer Cleaning Machine Co., of Buffalo, N. Y., has 
brought out the machine shown in Fig. 167. By using a snatch block at 



Fio. 166.—Turbine sewer cleaner. 


one end, the drawing cable can be slipped out of the block when the 
cable has reached the manhole, thus making it possible to pull up the 
scraper with its load and dump it into a cart or wheelbarrow. Such a 
^aper may bo drawn backward and forward by means of hand wind¬ 
lasses or, upon large work, by hoisting or traction engines. If engines 
are used, great care should be exercised to prevent damaging the sewer 
by getting the scraper caught and then exerting undue puR upon the 
rope. 

An apparatus used for scraping sewers in the Borough of Brooklyn, 
blew York, is illustrated in Fig. 168. The portable derrick is operated 
^ by a gasoline engine. The bucket and method of o{>eration are described 
in a letter to the authors by E. J. Fort, Chief Eng. of Sewers, as follows: 

.“TKia bucket has been somewhat modified since it was first designed. 
It is fitted with a gate at each end, of the same design. This gate opens 
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Fla. 168.—Brooklyn sewer cleaning equipment. 
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toward the inside of the buohet aatomatieally. It opens outwardly when 
a latch is opened after it has been placed in position for dumping. . . . One 
man is stationed on the street at the manhole and guides the bucket in or out 
of the manhole as the engineer raises or lowers it. One man is located at 
the bottom of the manhole and throws the cable on or off a pulley as the 
bucket enters the sewer or leaves it. Two men who superintend the filling 
of the bucket carry it back into the sewer and place it in position for filling. 
The hoisting engine is then started and the bucket is allowed to scrape along 



the bottom until it is full. As it approaches the manhole where it is taken 
out, the cable is thrown off the pulley or snatch block and it is hoisted out 
of the hole.” 

A scraper which has been used to some extent in the eastern part of 
the country, known as the Healey Sewer Cleaning Machine, is illustrated 
in Fig. 169. 

Various other types of scrapers have been used, one of which is illus¬ 
trated by Fig. 170. This scraper is provided with a rod connecting the 
two doors, so that when it is being pulled in one direotion the rear door 



Is held tightly closed and when being pulled in the other direction the 
opposite door is similarly closed. The difficulty with this and most 
other semicircular scrapers is to keep them right side up, as there seems 
to be a decided tendency for them to overturn. In this respect the full 
cylindrical scraper is perhaps somewhat more satisfactory. There is 
some tendencj' for all scrapers to ride over the deposit, especially if it 
is very much compacted or cemented with tar. 

Any sewer which is large enough for men to work in and in which the 
flow is.not so deep as to prevent their standing on the bottom, can be 
^Ibet readily and economically cleaned by shoveling the deposit into 
buckets and handing them back from man to man, or shovdingit 
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directly into boats or placing the loaded buckets in boats and doating 
the load back to the manhole, through which it is to be removed. 

In some cases it has been necessary to clean relatively large sewers 
while they were in operation at nearly their full eapacity. This has 
been successfully and economically done by means of full cylindrical 
scrapers hauled back and forth by hoisting engines. 

It often happens that deposits are formed in relatively short lengths 
of sewers beyond which the grades are such as to provide self-cleansing 
velocities. In such cases it may not be necessary actually to remove 
the grit from the sewer, but simply to stir it up and flush it along to 
the point beyond which the velocity is sufficient to carry it to the outlet. 
Many devices for this work have been used, two of which are illustrated 
by Fig. 171. 



Fia. 171 —Flushers used at Newton. 

Another device for accomplishing this purpose is a ball of slightly less 
diameter than the sewer. Such a ball is thrust into the sewer at the 
upper manhole and allowed to work its way toward the lower end. 
The natural flow of sewage is under and around the ball, scouring for¬ 
ward the dejiOBit. This method of cleaning involves little expense and 
where conditions have been favorable, it has proved quite satisfactory. 
However, there is always some apprehension on the part of those in 
charge lest the ball become securely lodged in the sewer, causing a stop¬ 
page which will require digging it up. 

Where sewers connect with intercepters leading to pumping stations 
and treatment works, there may be little gained by stirring up and 
flushing along such deposits. E. S. Dorr, head of the Boston Sewer 
Divisjpn for many years, has expressed the opinion that the use of 
BoriqierB with cutting edges for stirring up the deposit and carrying it 
along the sewer is not veiy practicable for that city, as the material is 
simply carried along to the intercepters or other places further down tni 
line, from which it must ultimately be removed. For this reason, when' 
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the gewers are cleaned the material ia generally taken out at the neareet 
manhole below. 

One of the most useful tools for cleaning sewers is the jointed rod. 
Fonnerly the rods used for this jrurpose were made of 4-ft. lengths of 
1/2-in. gas pipe threaded at each end. These pipes were taken into the 
manhole and coupled up as fast as they were pushed into the sewer. 
Later a much more convenient type of rod, with patent coupling for 
quick connection, has been used. Two tyjics of such couplings arc illus¬ 
trated in Fig. 172. Both rods are made of wood, the couplings being 
securely attached to cither end. 

An idea of the kit of tools reijuired by a sewer cleaning gang is given 
by Figs. 173 and 174, showing some of the tools used upon this work in 



Felton. 

Fig 172.—Couplings for sewer rods. 

Providence, R. I., from photographs kindly furnished by Allen Aldrich, 
Superintendent of Maintenance Dept. It will be noticed that most of 
the tools have been improvised for the work in hand, which wUI generally 
be found necessary, although there arc a few stock articles, like cleaning 
rods and root cutters, which can be had from supply houses. 

A compilation of the number of miles of sewers and the cost of clean¬ 
ing them in the Borough of Manhattan was given in Municipal Journal, 
vol. xxxviii, page 287, from which Table 73 was taken. It ia inter¬ 
esting to note from a comparison of columns 2 and 3 of this table that 
there has been a very large increase in the proportion of the sewer 
systems cleaned. From 1886 to 1888 less than 5 per cent, of the seweni 
was cleaned, whereas in 1908 and 1909, between 40 and 60 per oent. of 
Afie total mileage was cleaned. 
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Tabm 73.— Data RBLAnNo to Cleanino o» Sbwbm nt tib Bntovds 
OF Manbattax, New Yom ,%• 


Ywr 

Mil« of 
•ewen 

Milw 

oleoned 

Coitper 

mild 

Yaw 

MilHof 

■even 

mm 

plMiied 

OoBt per 
mile 

1886 

414.20 

10.6 

$2,050 

1898 

484.35 

43.8 

640 

1887 

421.51 

15.2 

1,210 

1899 

489.05 

44.4 

1,520 

1888 

429.09 

19.3 

1,370 

1900 

494.57 

' 66.6 

980 

1889 

433.73 

30.5 

1,000 

1901 

496.94 

68.2 

980 

1890 

437.89 

45.6 

810 

1902 

500.59 

85.6 

690 

1891 

444.20 

25.2 . 

690 

1903 

505.08 

124.5 

470 

1892 

449.37 

14.7 

760 

1904 

507.64 

132.6 

470 

1893 

465.80 

17.6 

750 

1905 

611.36 

99.7 

660 

1894 

461.52 

14.9 

640 

1906 

513.77 

144.8 

610 

1895 

468.20 

12.0 

630 

1907 

617.97 

205.6 

490 

1896 

472.18 

36.5 

780 

1908 

521.87 

218.7 

440 

1897 

483.06 

47.6 

710 

1909 

623.34 

248.8 

360 


The cost of removing deposit from sewers is generally very high 
because of the great difficulties under which the work is performed. 
Where the deposit consists of mineral matter and it is removed from 
small pipes, the work is necessarily slow, as the material has to be re¬ 
moved by scrapers unless it is possible to use some mechanical flushing 
device. Upon the larger sewers, where boats and pails may be used to 
advantage, the cost may be greatly reduced. 

In Worcester, Mass., a regular cleaning gang is engaged upon work of 
this kind throughout the year, cleaning large and small sewers as 
necessity arises. During some winters additional help has been put 
on the cleaning of large sewers. The average cost per cubic yard of 
ranoving deposits from sewers, from 19a3 to 1912 inclusive, has ranged 
from 13.88 to 19.74, as shown by Table 74. Obviously, the cost of re¬ 
moving material from small pipes has been much in excess of these figures 
and the cost of similar work upon large sewers has been materially less. 


74.— Sewek Cueanino in Wokcbsteb, Mass. 


YflAT 

MUot aewers ia 
■yiiem 

Quantity deposit re» 
moved, ou. yd. 

Cost of removing 
deposit per eu. yd. 

1903 

169 

1352 

$6.56 

1904 

173 

1393 

4.89 

1906 

177 

1484 

3.88 

1906 

180 

972 

6.54 

1907 

183 

665 

9.74 

1908 

188 

‘909 

5.84 

1909 

192 

■825 

7.28 

<1910 

199 

‘680 

7.82 

1911 

205 

635 

7.14 

1912 

213 

728 

5.35 


* lodinaBt tBiBOTBd from nculBiort. 




Fig. 173.— ProvideiKx* sewer cleaning tools. 



Fio. 174.—Providence sewer Bushing equipment. 

{facing fiOS) 









Fia 175—Motor truck for cleaning catch-basins, Pawtucket. 













kjumsitAifCM » ktwiauaM srmiOta m 

(SMaing ttid Clin of C«ieli4Mrtu.--MoBt of the dtiM in thk oountty 
proviiM irith ecmibmed sewen or itorm drum have built luge uumbm 
o{ (stoh4>aaim for retaining heavy road detritus, so that it wdl not enter 
tita sewen and form deposits where the velocities of flow are rdatively 
low. The care given to these basins varies greatly in different cities. 

some places they are examined at frequent intervals and are cleaned 
whenever the deposit has accumulated to such an extent that tiieir 
capacity is so reduced that they will not be likely to provide am{fle storage 
for the sediment to be deposited from one or more subsequent storms. 
In other cities, ratch-basim are cleaned only when they are practically 
full. Still other maintenance departments do not attempt to clean 
basins until they are reported as being stopped, a condition indicated by 
the pooling or ponding of water in the gutters at the inlets. 

Where catch-basins ue cleaned only when they become stopped, or 
where the silt is allowed to accumulate in them to such a point that it 
will be carried over into the sewers, they become of little use, for the 
quantity of silt retained in them is usually only a very small proportkm 
the quantity entering them, the luger portion being carried over into 
the sewers. On the other band, basins so cared for are objectitmableM 
furnishing pools of stagnant water and filth, causing the escape of Offen¬ 
sive odors and causing pooling of water in the gutters at the inlets. 
Therefore, it would seem preferable, if the basins ue not to be property 
cued for, to remove them altogether and substitute for them inlets 
discharging all silt directly into the sewers. 

The quantity and character of material deposited in catch-basins 
varies according to the nature and slope of the surface of the street in 
which they are placed. Where the natural soil is of a sandy or gravelly 
nature, and slopes are steep and unpsved, large quantities of reiativdy 
clean sand and gravel are carried into the basin and are retained therein. 
Under similar conditions, if the soil is of a clayey nature, very little 
material may be deposited in the basin, as it settles so slowly tiiat it 
is carried with the storm water through the basins into the sewers. 

Where streets are paved, the quantity of material that is washed into 
and retained in the basins is relatively small and consists largdy of 
organic matter, which becomes quite offensive as it undergoes putre¬ 
faction. The sandy deposits are usually rdativdy free from odw, and 
when the water is baUed out the basins, th^ can be removed without 
creating objectionable conditions. If, on the other hand, the basins are 
in paved streets, the material remaining after bailing out aa much water 
as is practicable is soft and offensive and cannot be thrown out on the 
street without causing objectionable oonditkms. Where dqxrrits of 
the formw sreto be removed and tfae baaina {noper siie, the most 

pnetmsl method is to have a man enter tire bM&i and throw the material 
out cf it onto the surface of the street. IViR such work two BSnsbcNdd 
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go together, one, the “bottom man,” to do the work in the basin, the 
other to “bank off” the material thrown out and help load it into the 
cart. For economical work, several sueh crews should go together and 
be supervised by a foreman. Where three or more erews are working 
together, it will probably be wise to have two or more men precede the 
“bottom men,” bailing out the water and getting the basins ready for 
them. Some of the material to be removed from the basin is soft and 
contains much putrid organic matter. It cannot be thrown out onto the 
streets during the busy working hours of the day. It may, under some 
conditions, be so handled during the night time. In some cities, how¬ 
ever, it is found preferable to dip the material out of the basins with 
long dippers or pails, emptying it directly into carts. 

Where material is thrown out onto the surface of the street, or where 
the basins contain putrid organic matter, the street should be thoroughly 
washed down and the basins filled with clean water and a liberal quantity 
of disinfectant sprinkled about to reduce to a minimum the offensive 
conditions. 

At Pawtucket, II. I., the motor truck shown in Fig. 175 has been 
used in cleaning catch-basins. City Engineer Geo. A. Carpenter states 
that in 248 consecutive days in 1914, of which 208 were working days, 
the truck worked 113 days or 1071 hours. The four men employed 
with the truck arc paid S1.0()| per hour. During this time 821 of the 
1151 catch-basins in the city were cleaned, some of them more than once. 
The total number of cleanings was 950. The truck removed 1474.62 
cu. yd. of material, equivalent to 1.8 cu. yd. per basin cared for and 
1.55 cu. yd. per basin cleaned. The haul was 500 to 15,000 ft. The 
truck can carry 2.6 cu. yd. The cost of the work was as follows: 


Labor. 

Gasoline. 

Oil and grease 
Hydraulic oil. 

Tires . 

Interest. 

Depreciation . 


$1,144.63 

112.00 

14.70 

24.50 

188.72 

126.00 

136.00 


Total 


$1,746.65 


This amounts to $1,185 per cubic yard. The tire expense is figured 
on the basis of a set of rear tires annually and a set of front tires every 
2 years. The interest charge is 4 per cent, on $4200 for 9 months. 
The depreciation is on the basis of 10 full years of work. If there 
were enough basins to keep the truck busy all the time, the cost of clean¬ 
ing would be about $1.20 per cubic yard, Mr. Carpenter estimates. 

A marked advantage of the truck is its availability to respond in- 
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Btsntly to emergency demands for catch-basin cleaning, and the work is 
done so easily that better cleaning results. "When a sudden and 
severe storm has visited the city," Mr. Carpenter stated, "our catch- 
basins have been able to take the water at each inlet and it has not run 
by plugged basins, as formerly, to reach low places which had no outlet, 
except through the sewers, with disastrous results. By assuring that 
the numerous inlets provided for storm water are kept clear and in 
working order, the capacity of the sewers has been increased, practically.” 

Much work is caused during the fall of the year by large quantities of 
leaves washed into the basins, in many cases causing clogging of the 
traps. This trouble will be reduced to a minimum by systematic, 
thorough cleaning of the streets durmg this time. While this involves 
some expense, it saves considerable cost caused by the accumulation of 
leaves in the catch-basins, and the net cost to the city may be no greater 
than if the leaves are allowed to be washed into the basins. 

Another fruitful source of trouble is the freezing of basins during the 
winter. Where basins are connected with combined sewers, the air in 
the latter is usually warm enough to prevent freezing except where basins 
arc located in very exposed localities. Where connected with storm 
drains, however, the air in the drains is not warm enough to prevent 
freezing, and much trouble has been experienced from this cause in a 
number of the northern cities, in some of which the number of basins 
frozen has been so large as to warrant providing portable boilers for 
furnishing hot water, which is pumped under pressure through a small 
flexible pipe into the basins and into the traps fur thawing the ice. Such 
thawing is usually followed by placing salt in the trap to prevent further 
freezing. This precaution, however, is only serviceable until there is 
further run-off from the streets, after which another application of salt 
is necessary. 

Basins containing large quantities of putrid or organic matter some¬ 
times become quite offensive between storms. In such cases they should 
be flushed from a hydrant, thus changing the water, although if there is 
a large accumulation m the basins it will be better to remove it, afterward 
filling the basins with clean water. 

Many different kinds of traja have been built in catch-basins, several 
of which are illustrated in Volume I. In selecting a trap, it is well to 
bear in mind that water standing above the deposit in the basin must be 
bailed out and discharged either into the street gutter, carried to a 
neighboring manhole or basin, or poured into a trap in the basin being 
cleaned. The last method is by far the most economical and satis¬ 
factory, and a trap suitable for such use should be provided. 

The great quantity of detritus removed from the sewer systems of 
some cities is illustrated by data contained in Table 75, from a report 
of the Sewer Maintenance Department of Providence, for the year 
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ending Sept. 30, 1913. At this time the population of Providence was 
about 235,000 and the total length of sewers was about 230 miles. 
During this year nearly 9000 catch-basins were cleaned and 18,233 ou. 
yd. of deposits were removed from them. A total of nearly 22,500 eu. 
yd. of deposit was removed from the trunk sewers and catch-basins. 
It is the practice to examine the basins once each month. 

The data given in Table 76 afford a good idea of the amount of work 
involved in caring for catch-basins in a hilly city of moderate size, having 
a large number of streets built of gravel or water-bound macadam. 
Worcester has had a fairly uniform rate of growth and the sewer system 



has increased in size accordingly. This is reflected in the gradual in¬ 
crease in number of catch-basins. It will be seen that in a general way 
the basins average two cleanings aimually. This is not strictly correct, 
however, as some basins which retain very little deposit are not cleaned 
oftener than once a year and others, located on or at the foot of steep 
hills^es, require cleaning frequently, sometimes as often as after each 
severe storm. The quantity of deposit removed from the basins has 
varied from 4 to 8.5 cu. yd. for every basin in the system. The average 
quantity removed at each cleaning is approximately 3 cu. yd. The 
increase in cost of cleaning in recent years has resulted largely from the 
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increased distance the refuse must be hauled to find a suitable dumpi:ig 
ground. The refuse is shoveled out of the basins onto the surface of the 
street, which accounts in a measure for the lower cost per cubic yard for 
doing this work in Worcester than in some other cities. 

The effect of tlie length of haul on the number of loads per team per 
day and on the cost of team work in cleaning catch-basins is shown in 
the curves of Fig. 176, prepared from records of actual experience in 
Worcester, furnished by Matthew Gault, Superintendent of Sewers of 
that city. The records are based on an estimated average size of load 
of 1.2 cu. yd., weighing 3240 Ib., and they cover a period of 87-1 /2 team- 
days. They are representative of all work of this kind done in that city 
about 1907. The silt was the detritus from ordinary water-bound 
macadam; it was thrown out on the surface of the street by the bottom 
men and shoveled into ordinary tip carts. 


Table 76. —Number of Cat<’b-basins Cleaned and QrANXiTY of 
Deposit Kemoved at Worcester, Mass., 1902-1912 


V'ear 

Tutui number of 
catcb'baNins in 
syntiMn 

Number of dcan- 
mga during year 

Deposit' removed 
j)or basin per year, 
cu yd 

Cost of cleaning 
por cubic yard 
deposit removed 

1902 

2526 


8 5 

$0.46 

1903 

2603 

5.549 

7 9 

0.41 

1904 

2694 

5886 

8.0 

0 50 

1905 

2748 


7 5 

0 41 

1906 

2818 

48.52 

6 5 

0 57 

1907 

2SK)2 

4804 

5 1 

0 81 

1908 

3014 

5053 

4 6 

0 81 

1909 

3138 

5142 

4 0 

0 81 

1910 

3251 

6094 

4.9 

0 74 

1911 

3322 

7035 

5.1 

0 69 

1912 

3413 

6783 

5.1 

0 85 


^ The toUi ttutnber of bafttn* in 8y»t«m is used id computing this unit 

Nolr —The minimum wage wait 11.85 for 8 hours from 1902 to 1911 and |2 in 1012. The 
“bottom man.” however, was paid from 12.10 to |2.25 per S>bour day. Teams cost |5 per 
day. 

In Engineering and Conlrading, March 23, lOlO; there was published 
a table from the annual report for the year ending Dec. 31, 1909, of 
Edwin J. Fort, Chief Eng. of Sewers for the Borough of Brooklyn, 
giving data relating to the cleaning of catch-basins in that borough, 
which are reproduced in Table 77. 

Relatively dry, clean deposits may be hauled from the basins to the 
dump in an ordinary tip cart with high sides. Special care should be 
take# to have the tail boards fit tightly so as to prevent the material 
from flowing through crevices and falling to the street. If the deposit 
is soft and wet, it is better to provide a tight cart with a cover, such as 
that shown in Fig. 177, of which several varieties of the same general 
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type are on the market. Such carts are difficult to handle on soft 
dumps, where the wheels cut in, as th-^y settle down so far that the body 
is likely to touch the ground and prevent convenient dumping. 


Table 77.— Catch-basin Cleanino in BrOOKLtn, N. Y., 1905-1909 


Ytmr 

No of 
bssin* 

No. ex* No. 

am mod cleaned 

8oil re* 
moved, 
pu. yd. 

Cost 

per 

baMa 

Coot 

per 

ou yd. 

No. cleaned 
of mow 

1905 

1900 

1907 

1908 

1909 
(11 mo.) 

9,2,57 

9,537 

9,979 

10.127 

10,285 

40,242 117,2.54 
49,768 12.5,386 
42,327 24,389 
47,933 bo,693 
54,.530 130,619 
! 

25,512 

33,423 

35,272 

44,476 

36,699 

$1.79 

1 65 

1 63 
1.60 
1.541 

$1.23 

1.25 

1.12 

1.10 

1.35 

14,376 

5,999 

9,674 

6,423 

5,615 



Fia. 177.—Covered tip-cart for catch-basin refuse. 


Table 7x.—Cost ok Cleaning Catch-basins in American 
Cities, 1910 


Frequenry of 
cleamntK 

Coot per year | Cuet per cleaaina ; Coet per ou yd. 

No. of 
eittw 
repro- 
■anted 

Max 

Min. 

Mean! Max. 

Mm 

Meanj Max. 

MiD.|MMn 

When full, neceosary. 



i 






or offeoaive. 

tlO 00123.00 

$6.00>$4 00 

$0.20 $1.7441 00 

$1.08 

$1.34 

21 

After heavy rain 


• 

! 

, 

.. i... 

. 


7 

1-3 timeo per year .. 

3.36 

1.60 

2 lili 1 21 

0 30 

0 69' .... 


1.16 

14 

4-6 iimeo per year... 

4 50 

3 36 

t 03' . 


0.40j.... 


1.16 

8 




1 34! 





4 

10-12 tiomo per year. 








6 

More than 12 time* 



1 






per year. 

13 00 

3.00 

8 16 . . 


.. ■!. 


. 

7 

Total citiea re* 





f 




porting. 
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The results of an inquiry made by Municipal Engineering, as to the 
practice of various cities in cleaning catch-basins, are shown in Table 
78; 66 cities reported. It will be seen that 21, or practically one-third 
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of the cities, clean the basins only when full or offensive. The average 
cost of cleaning per year varied from $1.34 to $8.15. 

Recently the city of Washington has established the custom of 
thoroughly flushing out the catch-basins at intervals of two weeks, and 
then of dosing the contents of the basin with mosquito oil during the 
breeding season. The area of the water surface in the catch-basins, of 
which there are 5000, is approximately 12 sq. ft. each, and the quantity 
of oil applied to each basin at a single oiling is approximately 1 gill. 
The average cost of each treatment is said to be 6 cents, which of course 
does not include the cost of cleaning. The basins are regularly cleaned 
at intervals of four weeks throughout the year. 

Repairs.—The repairs required by a sewer system depend on its 
age and the amount of such work done from year to year. One of the 
most common repairs is the changing of elevations of manhole covers. 
Covers placed to conform to a macadamized street are soon found to 
project above the surface because the pavement has worn. It soon 
becomes necessary, therefore, to lower the covers and when the street 
has worn to such an extent that it has to be rebuilt, it again becomes 
necessary to change the manhole covers, this time raising them to 
conform to the new elevation of the street. The cover illustrated by 
Fig. 238, Volume I, is designed to meet these conditions as economically 
as possible. 

Catch-basins or inlets are frequently required before streets are paved 
or provided with sidewalks. When the streets are improved it is usually 
found that changes in grade and alignment require the alteration of the 
catch-basin inlets. While such changes and those affecting manhole 
covers must be paid for by the municipality, they form a fruitful source 
of contention between the different departments to determine which 
should more properly pay for the changes. Whatever decision may be 
reached in this matter, it is certain that the cost of such work should 
be carried as a separate item in the accounts. 

It will be found occasionally that brick and masonry sewers have be¬ 
come cracked or the inverts have become worn. Such minor repairs as 
are required to put the sewers into first-class condition should be made 
promptly. Little difficulty will be experienced in making repairs in the 
larger storm drains and in combined sewers. In the latter case, when 
the invert is to be repaired, the sewage must be dammed and carried 
over the section under repair in flumes or pipes. Diaphragm pump 
hoee has often served for carrying sewage under such conditions and is 
pa^culariy well adapted for this work. 

■nie use of a cast lining for repairing the inverts of brick sewers at 
Hempstead, England, is describ^ in the Surveyor for Aug. 16, 1912. 
The invert blocks were 2 in. thick and 2 ft. long. They were built of 
reinforced concrete, lowered through the manhole and laid in cement. 
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A corbel WM placed on each iide at the top of the invert and »et into the 

onginal maaonry. The offaet formed by this corbel waa amoothed back 
wth cement mortar. Pig. 178 sbowe a croea-aection of a aewer repaired 
in tbia manner. 

KeguUtort and Inverted Sijdtona.—Where regulatora are provided to 
control the flow of combined aewera into interoepters, they ahould be 
inspected at frequent intervals, preferably once each day, to make cure 
that they are in proper adjustment and in good working condition. The 
metal work ahould be carefully examined from time to time, worn parts 
removed, and if the parts are of iron they should be kept well painted 
with red lead and oil. 

It waa formerly thought that inverted siphons required much attention 
and cleaning, but this has proved incorrect in moat cases. Such struc¬ 
tures, however, should be examined at frequent intervals, preferably 


S *9 "x 2'S.' Stick Jttnr 



CroM Stction. longltudinot Section. 

Fia 178.—Lining blocks for repairing sewer inverts. 


once each month, to make certain that they are in good condition, and if 
found to require cleaning or flushing they should be given prompt atten¬ 
tion. 

Records.—It is very desirable that records be systematically kept in 
accordance with a general plan so laid out as to present the data in most 
convenient form and most easily accessible. 

The form prepared by the Sanitary Section of the Boston Society 
of Civil Engineers for a Summary of Sewerage Statistics has been 
adopted in part by the Bureau of &e Census of the U. S. Department 
of Commerce. It has also been adopted by a number of sewer depart¬ 
ments and the data printed in their annual reports. A committee of 
the Sanitary Section of the Boston Society of Civil Engineers compiled 
data in accordance with this summary and presented reports, published 
in the Journal qf the Aetociation of Engineering Societies, vds. xl and 
xliL ,A copy dl the blank form, "Summary of Sewerage Statistios,’’ 
omitting the portions relating to the details of sewage treatment, is 
given on pages 518 to 621 inclusive. 
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SUHBfARY OF SEWERAGE STATISTICS 

(In form recommended by Sanitary Section of Bt^ton Society of Civil 
Engineere) 

For the rear eodiai; .,19. 


(City or Town.) (State.) 

Is this form used in preparing tlie annual report of your department? 


(Name, offinal title and address of person furnishing information) 

General 


Population by census of 19 . 

Total area of city or town 
Area served by sewerage system. 

[ For sewage only 


Collection System 


For sewage and surfat^e water 


For surface water only 


.. .square miles 

.miles 

.miles 

.miles 


Method of disposal 


Collection 

MAINS (EVEHYTHINO BUT HOUSE AND CATCH-BASIN CONNECTIONS) 

For sewage For sewage and For surface 

only surface water water only 

1. Linear feet stone . . . 

2. ** brick . . . . . 

3. “ “ concrete. . . . 

4. “ pipe. . . 

6. “ “ extended during year . . . 

6. Number of inverted siphons. 

7. “ manholes . ... . . . 

8. Method of flushing. 


• • •». 

9. Method of cleaning 
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Collection.'—Conh'nueti 

For aewace For mwmo aod For nirffto* 
only BurfM* wnter w«(« only 

10. Number of automatic flushing 

tanks. 

11. Number of direct connections 

with water mains for flushing. 

12. Number of flushings of entire 

system during year . . . 

13. Cost of flushing per mile. 

14. Number of miles cleaned 

15. Cost of cleaning per mile 

16. Number of stoppages. 

17. Miles of permanent underdrains 

18. Number of storm overflows . . 

19. Method of ventilation . . 

20. Cost of maintaining sewer sys¬ 
tem exclusive of di8()osji) works 
(including cost of flushing and 
cleaning st^wers; cost of cleaning 
catch-basins; administration 
and unclassifi(*d expemse) ... 

HOITHE CONNECTIONS 

21. By whom made . 

22. Sizes . . 

23. Number made during year . 

24. Linear feet laid during year. 

25. Linear feet discontinued during 

year. . 

26. Total miles in use. 

27. Average cost per ft., connec¬ 
tions made during year. 

28. Number of stoppages coming to 

attention of department . . 

CATCH-BASINS 

29. Number . . 

30. Number cleaned. 

31. Av. amount material removed per catch- 

basin . 

32. Cost of removing material per cubic yard. 

33. ** “ “ “ “ catch-basin per 

year. 
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Dischtrgt of Sewage 

34. Eatimated population using sewer system . 

35. Number of buildings connected . 

Average Maximum Miaimum 

(gallons) (gallons) (gallons) 

36. Daily discharge for year. 

37. “ “ “ each user . 

38. “ quantity of factory waste . 

39. “ leakage into sewers. . . 

40. “ “ per mile of sewer . . . 

41. Are quantities given under 36 and 38 estimated or measured?. 


42. Description of plants 


Pumping 


43. Description of fuels or power used:— 

A. Coal. 

(a) Kind. 

(h) Brand. 

(c) Av. cost per gross ton 

delivered.$. 

(d) Percentage of ash. 

B. Fuel for internal combuttion engines. 

(«) Kind and grade . 

(/) Av. cost.3. 

C. Electrieily. 

(g) Av. cost per kw. hr. . . . S. 

44. Amount of fuel or power consumed for the year... 


45. Total pumpage for year allowance for slip.gals. 

46. Av. static head against which pump works.ft. 

47. Av. dynamic head against which pump works.ft. 


48. No. of gallons raised one foot per unit of fuel or power. 

49. ^Cost of pumpmg 6gured on pumping station expenses per million gallons 

raised one foot (dynamic), not including fixed charges . $. 

50. Describe screens.. 
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nmaeitl 

CONSTBOCTION 

Bxpenditura 

86. Balance of previoue 93. Collection work*; 

year. % . (a) mains. 

87. Bonds issued.. (b) house connee- 

88. Appropriation. tions. 

89. .Assessments. 94. Disposal and purifi- 

90. House connections. cation works. 

91. Other sources . . . . 95. Balance. . 

92. Total, % . 96. Total, I .. 

HAINTBNANCE AND OraSATlON 
Receipla Ezpendilurei 

97. Balance of previous 103. Administration . . $. 

year.S. 104. Repairs'. 

98. Appropriation .105. Cleaning sewers. 

99. Assessments . 106. “ catch-basins . 

100. Rentals.107. Flushing sewers. 

101. Other sources , . 108. Pumping. 


109. Disposal or purifica¬ 
tion* . 

110. Unclassified ex¬ 
penses’ . 

111. Balance. 


102. Total, S. 112. Total, t 

113. Interest on bonds . . 

114. Sinking fund ... 

OENERAL 

115. Total cost of collecting mains.S. 


116. “ “ “ pumping system. 

117. “ “ “ disposal works. 

118. “ “ “works to date. 

119. Bonded debt at date . 

120. Value of sinkiog fund at date. 

121. Average rate of interest on bonds.per cent 

122. Proportion of cost of system assessed on abutters.. 

123. Yearly assessment for maintenance. 

124. Method of assessing abutters and rate of assessment 


*lfteladinc paymcBt for moinUDanee erf Joint diopoaol work*. 
*SteU what “Ropaira" and '*VnelaMifi«d expenaet" laeiudo. 


































522 


AMERICAN SEWERAGE PRACTICE 


While it ia not to be expected that all sewer departments will incorpo¬ 
rate this summary of sewerage statistics into their annual reports, it 
is very desirable that they begin, if possible, to keep their records in 
such form that they will provide the data required for this summary, 
particularly in view of the fact that the information is called for by the 
Bureau of the Census. 

Cost of Operation and Maintenance of Sewerage Systems.—The 

cost of operation and maintenance of a sewerage system will depend 
upon its extent, age, the number of special features such as catch-basins, 
inverted siphons, automatic regulators, tide gates and pumping stations; 
the character of design and construction; the topography, character of 
soil and extent of development of the community; the attention given 
to the care of the works; the degree of efficiency of the several features 
of the system; and the efficiency of the operating and maintenance 
organisation. 

It should not cost much to maintain a sewer if it is allowed to go com¬ 
pletely out of use, as has been the case in some instances known to the 
authors. One such instance was an intercepting sewer which had been 
allowed to become partly filled with detritus. Finally a hole was broken 
in it near its upper end. The sewage was collected from about one-half 
the city and allowed to find its way against the grade of the intercepter, 
out at the upper end into the river, and then finally flow downstream 
past the city, a condition which the intercepter, built at an expense of 
over 8160,000 was intended to prevent. 

The most complete records of maintenance with which the authors 
are familiar, covering a long period of years, have been printed in the 
reports of the Superintendent of Sewers of Worcester, Mass., and the 
data from this source in Table 79 cover the period from 1877 to 1912 
inclusive. It is not practicable to give sufficient information about the 
Worcester sewerage system to enable the reader to understand in detail 
the meaning of these expenditures, but a few notes may enable him to 
use the data as a guide in preparing similar statistics and to make 
rough but helpful comparisons. 

This system was originally built upon the combined plan without 
pumping stations and discharged at numerous points into Mill Brook, 
a creek of about 3,000,000 gal. daily dry-weather flow, largely drawn 
from storage. The general topography is moderately rugged, ^though 
slopes in excess of 5 per cent, are rare and there are many lines of sewers 
laid on flat grades. The soil varies in character in different parts of the 
city;, including sand, gravel, loam, and hardpan. In 1912 there were 
23.&I miles of paved streets, 76.38 miles of water-bound macadam, and 
113.97 miles of natural earth or gravel streets, making a total of 213.89 
miles. There were 213.09 miles of sewers and storm drains. About 
1890 the cHy began the construction of separate sewers and storm 
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drains in certain portions of the city, continuing the construction of 
combined sewers in others. In 1897 work was begun on intercepting 
sewers and the paralleling of combined sewers with separate sewers in 
a large area comprising about one-third of the sewered portion of the city. 
At the close of the year 1912 there were 13 inverted siphons, 32 auto¬ 
matic regulators, 3413 catch-basins and 7528 manholes. The lengths 
of sewers and drains were: 

Separate sewers. 93.320 miles 

Combined sewers. 66 053 miles 

Storm drains. 53 714 miles 

Total. 213.087 miles 

There are now four small pumping stations, two using centrifugal pumps 
and two Shone ejectors. 

The cost of maintenance of the sewer system for each year from 1877 
to 1912 inclusive covers the cost of cleaning sewers, catch-basins, in¬ 
verted siphons and regulators, of keeping the entire system in repair, 
of readjusting manholes and catch-basins to conform to lines and grades 
of streets as required by construction and reconstruction by street 
department, of operation of pumping stations, regulators, etc. The 
system of accounts has been so kept for about 15 years that the Sewer 
Maintenance Department has Imrne its proper portion of the main 
office and overhead charges. The repairs to sewers, when in the nature 
of upkeep, appear in the maintenance account but when reconstruction 
is necessary it is charged to construction. 

At the end of 1912 the books showed the cost of the system to be 
$5,400,791.21 equivalent to about $25,350 per mile.’ The maintenance 
cost, including pumping, for that year was $29,744.78, equivalent to 
to 0.55 per cent, upon the book value. If the cost of pumping and 
alterations due to clmnges made by street department and a small 
sum paid in damages are omitted, the true maintenance cost, i.e., 
for repairs and cleaning, would become $22,002.57 equivalent to 0.4 
per cent, of the book value. 

The annual sums expended upon strictly maintenance work from 1902 
to 1912 inclusive are given in Table 80, from which it will be seen that the 
cleaning of catch-basins is by far the largest item. 

To arrive at a clear conception of the meaning of these expenditures, 
they have been reduced to units of cost per mile of sewers and drains, 
per catch-basin and per regulator. Table 81. With the increase in 
the proportion of separate sewers, there has been a reduction of cost of 
cleaning, because the removal of sand and road detritus is oidy necessary 
from the combined sewers and storm drains, the separate sewers simply 

* iBcludifig tfa« ooactruetioa of «ttone mMoary eondoit for MiUbrook« til* lover portion 
of vhieb le 13 X 18 ft. 
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requiring flushing. As only a very few milM of sewers require clmning, 
these costs, if reduced to units per mile of sewer actually cleaned, would 
be very high. The cost of cleaning catch-basins is largely dependent 
upon the distance the refuse must be hauled for disposal, which in the 
larger cities is likely to gradually increase as the natural dumps become 
filled. It should be noted that the cost of catch-basin cleaning has 


Table 79. —Total and Unit Costs of Maintenance and Ofebation 
OF Sewerage System at Worcester, Mass., 1877-1912 
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TAMJt 80.— IraintuD Toiai, Costs or Ripaibs, Chakois, Cuaotmo 
SswsBS, Cleanino Catch-basins and Maintaininq AoroiiAnc 
Reoclatoks at Worcesteb, Mass., 1902-1812 


Year 

Ropaira of 
aewers, 
catch* 
baalna 
manholes 
and other 
fltmotures 

Cbanfes‘ 

in 

manholes 
and catch- 
basins 

Oeaning 

sewera 

Cleaning 

catch- 

basins 

MiUn- 

tainlng 

regulators 

Total 

1902 

$4,879 


$7,356 

$12,146 

$ 130 

$24,511 

1603 

5,355 


9,019 

8,414 

41 

22,829 

1904 

4,646 

1,110 

6,802 

10,845 

1,162 

24,565 

1905 

5,917 

876 

5,754 

8,390 

1,718 

22,655 

1906 

5,634 

1,122 

6,391 

10,380 

2,407 

25,914 

1907 

4,553 

700 

6,478 

11,908 

2,480 

26,117 

1908 

4,142 

558 

5,306 

11,118 

3,188 

24,312 

1909 

3,995 

1,047 

6,007 

■10,101 

2,062 

23,212 

1910 

660 

3,533 

4,535 

■11,527 

1,988 

22,243 

1911 

2,040 

1,918 

4,533 

■12,334 

1,729 

22,554 

1912 

1,366 

1,161 

3,809 

■14,829 

1,906 

23,164 


> Chanseo due to olterallunH ia etreet lines and cradat by ■traei deiMrimeot. 

* Ificludoa costa of freeing traps — tl04, $405. $604 and $1603 for yean 1900 to 1013, 
respectively. 


Table 81.— Itemized Unit Costs op Repairs, Cleanino Sewebb 
Cleanino Catch-basins and Maintainino Automatic Reoulators 
AT Worcester, Mass., 1902-1912 


Year 

Repairs of sewers, 
catch-basins, man¬ 
holes and other 
structures per 
mile of system 

Cleaning sewers 
per mile of 
system 

Cleaning 
catch-basins 
per basin* 

Maintaining 
regulators 
per rsfulator 

1902 

$30 

$45 

$4.81 

$4.06 

1903 

32 

54 

3.23 

1.28 

1904 

27 

39 

4.03 

36.31 

1905 

33 

33 

3.06 

53.69 

1906 

31 

36 

3.68 

75.22 

1907 

25 

35 

4.10 

77.50 

1908 

22 

28 

3.69 

99.62 

1909 

21 

31 

3.22 

64.44 

1910 

3 

23 

3.55 

62,13 

1911 

10 

22 

3.71 

54.03 


6 

18 

4 35 

69.66 


> Buod on vlioW sumbw al baiini And not on number Mtunllp ctMOml. 


ranged from $3.06 to $4.81 per basin per year. While these costs an 
greater than they would be in cities where grades are leas steep and the 
soil of such a nature that it will not be retained to so great an extwt 









526 


AMERICAN SEWERAGE PRACTICE 


in the catch-basins, nevertheless the probable cost of such cleaning is 
one of the things which should be carefully considered before deciding 
whether to put in catch-basins or direct inlets. In some cases it may 
even be wise to take out existing basins. 

From the footnote to Table 80 it will be seen that the cost of keeping 
catch-basin traps free from ob.struction, largely iep, is considerable. 

The cost of cleaning catch-basins per cubic yard of material removed 
from 1909 to 1912 ranged from $0.70 to $0.80, exclusive of cost of freeing 
traps. The average annual co.st of cleaning the sewers, per cubic yard 
of material removed, during the last ten years has ranged from about 
$4 to nearly $10, the range in coat of cleaning individual sewers being 
much greater, however. It is evident that it is much less expensive to 
remove material from the catch-basins than from the sewers. Siniilarly, 
it will be found far less expensive to remove sand and detritus from the 
street gutters than from the l>asins. Therefore in places where detritus 
will settle and accumulate in sewers, it may be economical to use catch- 
basins and it will be economical to make every effort to keep the streets 
clean that the (juantity of detritus to be removed from basins and sewers 
may be reduced to a minimum. Catch-basins should be put in only 
as a result of careful and intelligent consideration of all local conditions. 



CHAPTER XIX 


EXPLOSIONS IN SEWERS 

Explosions in sewers, which occurred at rare intervals for many 
years, have recently become common occurrences. The disastrous 
results of some of them and an appreciation of the serious charactiT of 
this source of danger is leading to much study of their causes and methods 
of preventing them. 

Sources of Inflammable Gases and Explosions.—Many explosions 
have occurred in sewers, due to the ignition of explosive mixtures of 
air with illuminating gas, naphtha vapor or possibly other gases. Illu¬ 
minating gas leaking from a defective main may find its way through the 
ground and into a sewer in sufficient quantity to cause an explosive 
mixture. Most sewer maintenance superintendents have had experi¬ 
ences of this kind, although probably in relatively few have there been 
explosions. It is not always easy to find the source of such gas, as it 
may travel a considerable distance from the point where it enters the 
sewer to the place where it is detected. During recent years trouble 
has frequently resulted from the discharge of gasoline into sewers, 
largely from automobile garages. Gasoline vapor is considerably heavier 
than air and therefore is not always readily distinguished by odor 
when the observation is made from the top of the manhole. This 
new source of danger has necessitated ordinances preventing the dis¬ 
charge of gasoline into sewers and requiring lighting appliances for the 
use of inspectors and laborers while working within the sewers. 

An explosive mixture may result from the decomposition of the 
organic matter in the deposits. By such decomposition marsh gas, 
or methane, may be produced in considerable quantities, and if there is 
not an adequate circulation of air to provide ventilation, it is conceivable 
that the proportion of this gas to the oxygen in the air in the sewer may 
be sufheient to provide an exjdosive mbeturc. While it must be ac¬ 
knowledged that this is a possibility in a few badly ventilated sewers 
in which extensive deposits of organic matter are present, experience 
leads to the conclusion that this can be the cause of explosions in very 
few cases. 

In a paper entitled “The Discharge of Inflammable Wastes into 
Sewerage Systems and the Problem of Prevention,” by N. 8. Sprague, 
Superintendent of the Bureau of Construction, Department of Public 
Works, Pittsburg, presented to the annual convention in 1814 of the 

627 
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Americsii Society of Municipal Improvements, he points out a possi¬ 
bility of the leakage of gasoline from storage tanks which are placed 
underground, usually pursuant to requirements of municipal ordinances; 
this gasoline may find its way into sewers. Furthermore these tanks 
are often laid directly on the ground and covered with earth, under 
which circumstances erosion, breakage of joints and even electrolytic 
action may result in leakage. 

Waste inflammable liquors are discharged in small quantities from 
many households, private garages, stores and shops, but the greater 
danger probably arises from the discharge of much larger quantities of 
such liquids from public garages, dry-cleaning establishments, paint 
works, oil refineries, gas works and other industrial establishments. 
Mr. Sprague points out that prior to the use of motor vehicles there 
were many industrial and business establishments using inflammable 
end volatile wastes, such as dry-cleaning shops, paint manufactories 
and gas works, and that notwithstanding this fact, explosions in 
sewers caused by the ignition of gasoline or other similar vapors were 
uncommon. This fact, he concludes, would seem to indicate that the 
great increase in the use of gasoline due to the rapidly increasing num¬ 
bers of motor vehicles has been responsible for many of the recent 
sewer explosions, a conclusion in which most, if not all, recent investi¬ 
gators of this problem appear to concur. 

Summarizing the investigations which have been made, it appears 
that explosive mixtures in sewers are most likely to be caused by inflam¬ 
mable liquids, of which gasoline is a type and the one most commonly en¬ 
countered; that natural or artificial gas undoubtedly has been a cause of 
some explosions; and that in rare instances marsh gas, or other similar 
gas, may be generated in the organic deposits in sewers in sufficient 
quantities to produce explosive mixtures under certain conditions. 

Pittsburg Explosion.—On Nov. 25, 1913, probably the most disas¬ 
trous sewer explosion up to that time occurred in Pittsburg. A detailed 
account of this accident was printed in Engineering News, Jan. 1, 
1914. In this case the main trunk combined sewer serving a population 
of 50,000 and varying in diameter from 8 to 10 ft. was disrupted, more 
or less completely, for a distance of 5300 ft. The damage included the 
destruction of brickwork and manholes, breaking of windows in factories, 
caving in of streets, and damage to laterals leading to the main sewer 
at many points. At the time of the explosion the outlet, which was 
nearby, was submerged to within 1-1 /2 ft. of the top. It is estimated 
that 90 per cent, of the public garages of the city are located within 
the tributary area of this sewer as well as a number of dry-cleaning 
establishments and paint manufactories. This explosion cost the city 
down to October, 1914, about $300,000, which may be increased by 
decisione in possible damage suits. A second but less disastrous ex- 
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plosion occurred in this sewer on July 28, 1914. That this 
was caused by ignition of a mixture of air and gasoline vapor ..Ain. 
well established, for on the day it occurred city employees were working 
in the sewer, and, when a strong odor of gasoline was noticed were 
ordered out of the sewer only 15 minutes before the explosion occurred 
{Eng. Record, Aug. 8, 1914). 

ITew Tork EzplosionB.—A series of spectacular exjdoaions in New 
York on Oct. 7, 1909, was described by A. A. Breneman in Engineering 
News, Dec. 2, 1909. At 4.40 P. M. there was a violent explosion 
in the sewer at 48th St. and 10th Ave. A few seconds later, there was 
an explosion considerably farther south in 10th Ave., following which 
there was a series of explosions, some running continuously for distances 
along 10th Ave. or the intersecting side streets, and some separated 
by considerable intervale of time. Roughly, the explosions are said 
to have affected an area more than a half mile square and probably 
lifted over a hundred heavy iron covers. 

Upon investigation Mr. Breneman reached the conclusion that illu¬ 
minating gas did not cause these explosions. In discussing the proba¬ 
bility of vapors from volatile liquids as the cause, he stated that there 
were many garages in the region adjacent to the explosion area, and while 
at each garage more or less gasoline was stored in tanks in such a way 
as to prevent any leakage from them into the sewers, gasoline was used 
extensively in washing machinery about the vehicles, for dissolving 
heavy oils adhering to them, and for washing the hands of hundreds of 
employees. It was also used where heavy oils had to be removed from 
floors or other parts of the building. The difliculty of disposing of this 
impure gasoline except by way of the street gutters or sewers was 
obvious. About one week after the explosion an inspection of the sewers 
in which the accident occurred disclosed the odor of gasoline in all but 
one of the manholes opened. During these explosions in all cases the 
burst of flame from the manhole was followed by dense black smoke, 
indicating a volatile oil, because such smoke would not be produced by 
mixtures of illuminating gas and air. The conclusion, therefore, 
seemed to be justified that these explosions were due to gasoline vapor. 

Another explosion occurred in a sewer on Sept. 21, 1914, being 
the third in that vicinity within a year. This explosion appears to 
have been caused by the ignition of an explosive gas within the sewer 
by sparks from the underground conduit of the street railway on 42nd 
Street. This conduit, carrying the electric conductor, is connected 
to the sewer by drains, and it is through these openings that the ex¬ 
plosive gases are assumed to have made their way into the conduit, 
in which they are thought to have been ignited by electric sparks 
from the conductor in the conduit, from which the cars obtain their 
current. 
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Hew Haven Explosions and Investigations.—H. J. Kello^, Assistant 
City Engineer, New Haven, Conn., carried on investigations for about 
a year to determine the causes of, and to find means for preventing, 
explosions in sewers. He reported some of the results of these inves¬ 
tigations in a paper abstracted in Engineering and Contracting, vol. xli, 
page 250, from which the following notes and comments are taken: 

In 1886 there was an explosion in a New Haven sewer 60 in. in diameter. 
The arch was thrown completely off for about 100 ft. No one knows what 
combustible, wrought the destruction, nor how it was ignited. No one was 
injured. About 1894 a 54-in. circular brick sewer was being cleaned by 
four men when an explosion occurred. The men escaped with difficulty, 
two of them being disabled for six months or more. The cause of the 
explosion appears to have been illuminating gas ignited by lanterns which 
the men carried. In 1913 a 42-in. egg-shaped brick sewer in New Haven was 
being cleaned when an explosion occurred, burning the men about their 
hands and faces. The cau.se of this explosion docs not appear to have been 
definitely ascertainerl, although a slight odor of gasoline was noticed before 
the men entered the sewer. If gasoline was the cause of the explosion it 
probably came from a manufacturing plant, the drain from which entered 
the sewer close to the point at which the explosion occurred. Very small 
quantities of gasoline were used at this plant. 

At Philadelphia an explosion in which several men were injured was 
attributed to gasoline vapor. Mr. Kellogg quoted from a letter from 
George S. Webster, Chief Eng., Bureau of Sewers, as follows: 

“A suspicious smell was noticed upon opening a sewer manhole, and a 
blazing paper thrown in resulted in a column of flame, about 40 ft. in height, 
due to gasoline from a nearby factory." 

Two men were killed in a Philadelphia sewer explosion about 1912. The 
cause is said to have been illuminating gas from a leaky main which ran 
parallel to the sewer. At a later date a man was burned by an explosion 
resulting from gasoline discharged from a dry cleaning shop. 

Explosions in sewers were reported from Providence, R. I., Buffalo, 

N. Y., Washington, D. C., Fall River, Mass,, Detroit, Mich., Brooklyn, N.Y., 
Cleveland, 0., Worcester, Mass., St. Paul, Minn., Kansas City, Mo., 
Duluth, Minn., Los Angeles, Cal., Savannah, Ga., Baltimore, Md., Hart¬ 
ford, Conn., New Haven, Conn., Pittsburg, Pa., San Francisco, Cal., 
Louisville, Ky., and Charleston, 8. C. 

The cause of explosion in a majority of these places was reported as 
illuminating gas. 

George H. Norton, Deputy Engineer Commissioner, Buffalo, N. Y., 
desslibed a new gas found in sewers as follows: 

"It may be interesting to know that for three years past at periods fpllow- 
ing thawing weather, after frost and heavy snow, we have had serious 
oomplaint from gas odor in some of our seven. This has been traced down 
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and found to be due to the use, by the railroads, of what is nailed a hydro¬ 
carbon oil, which is used by them to prevent freesing of their switches and 
interlocking plants in their passenger station yards, and at other congested 
points. An examination was made by the city chemist and he reports that 
at low temperatures this oil will crystallise, that such crystals are soluble in 
water, and for this reason he thinks that the odors or gases have passed the 
ordinary vent sewer trap. The gases arising from this oil arc, apparently, 
highly explosive and could readily be the cause of a serious explosion. This 
oil is a by-product from the Pintsch gas product used for car lighting." 

Roscoe M. Clark, City Engineer of Hartford, Conn., gave the fol¬ 
lowing information: 

“I have no recollection of any explosions in the sewers previous to 1913. 
In 1913 we had two serious explosions in the Park River interceptor. The 
first, occurring in January, lifted one manhole head and threw several covers 
in the air, and also shattered windows in adjoining houses. The second 
occurred in May when the East side Pumping Station and its connection 
with the Park River intercepting sewer were in process of construction. The 
most damage was done to the station and adjoining houses. Both of the 
explosions took place in the vicinity of the works of the Hartford City Gas 
Light Company. Suits brought by property owners and the contractor 
for the pumping station are now pending in court.” 

Robert Adamson, Fire Commissioner of the Borough of Manhattan, 
New York City, reported that there were eleven sewer explosions 
between June 5, 1912, and the date of his letter, probably about a year 
later. He stated that the probable causes of explosion in New York 
are gasoline, illuminating gas, and calcium carbide. He stated further 
that prior to the regulation requiring the installation of oil separators 
in garages, the majority of sew'er explosions was limited to what is known 
as the “garage zone.” Since their installation the number of explo¬ 
sions has been greatly reduced. The following quotation is from Mr. 
Adamson’s letter: 

“The illuminating gas enters the sewer from ruptured, corroded or broken 
gas mains, or from leaky joints, and when mixed in the proper proportions 
with air forms an explosive mixture. Calcium carbide, which is used in 
garages lor generating lights, may be thrown into the sewer and when in 
contact with water generates acetylene gas, which is an intense eiqiloaive 
and is further auto-combustible, so that in many instances it may be ignited 
by its own heat generated in evolving the acetylene. The vapors of gasoline 
and illuminating gas require an open flame to ignite them, but whether this 
occurs in sewers it is impossible to tell. In vaults and in conduits the igniting 
spark is furnished in a number of cases by electrical apparatus, such as 
switchboards, sump pumps, short circuiting, etc. Some relation existe 
between sewer explosions and flooding of the sewers, and further when the 
sewera become tidebound these explosions are more frequent, sudi as follow¬ 
ing an unusual shower of heavy rain or a fall snow or thawing of iw. 
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This causes a condensation of the gases withm the sewer. There are no 
casualties on record resulting from these explosions but considerable damage 
to property often occurs. In relation to places where oil is stored, the oil 
separator is the only method at present under the regulations of preventing 
volatile inflammable oil from discharging into the sewer.” 

Mr. Kellogg stated that one volume of gasoline oil produces 141 equal 
volumes of gas or vapor, as figured by Prof. A. L. Dean, who gave as the 
computed beat mixture for complete combustion; 1 part of gas to 62-1/2 
parts of air. In gas engines, especially in automobile driving, an excess of 
air is said to give better practical results. The following figures lead up 
to a knowledge of the amount of gas likely to be in a sewer from a given 
amount of oil: 1 gal. gasoline gives 141 gal. of gas; 141 gal. gas equals about 
18.8 cu. ft. of gas; 18.8 cu. ft. of gas with 1175 cu. ft. of air, best explosive 
mixture. There is a broad variation in the proportions of this gas and air 
that will form combustible mixtures. Now allowing 8 cu. ft. as the available 
space for 1 lin. ft. of a 42-in. sewer in New Haven, 1 gal. of gasoline could 
have furnished a prime mixture for about 150 lin. ft. of that sewer. A leaner 
but still dangerous mixture might more than double the danger sone. 
Although the rate of flow in the sewer, the time it would take to vaporize 
the oil, the draft in the sewer and perhaps other factors, complicate the prob¬ 
lem, the above figures show that a comparatively small quantity of gasoline 
is capable of making trouble. Mr. Kellogg also stated that about 1 part of 
illuminating gas to about 7 parts of air is computed to be the best mixture 
for complete explosive combustion. 

Boston Explosion.—A fatal explosion occurred on June 1, 1914, at 
the Chelsea Street pumping station of the sewerage system of the 
Metropolitan Water and Sewerage Board, Boston, Mass. This explo¬ 
sion occurred in the screen house which adjoins the pumping station. 
The screen house was wrecked, the brick walls being blown out and the 
reinforced concrete and tile roof being blown to pieces. The pumping 
station was badly damaged and three of the four pumps were seriously 
injured. The explosion caused the death of six men and the serious 
injury of three others. Early estimates placed the property damage 
at about $50,000. The explosion is said to have been caused by gaso¬ 
line vapor which it has been suggested may have been present in greater 
quantity than usual because of the large amount of work done in auto¬ 
mobile garages during Memorial Day and Sunday, the twodays preceding 
the explosion. {Engineering News, June 4, 1914.) 

Behavior of (xaBolise in Sewers. —A study of gasoline exploeions 
in sewers was made in August, 1914, for the consulting engineer of the 
Bc^grugh of Manhattan, £. P.- Goodrich, by 0. Hufeland, assistant 
engineer in the sewerage division of the Borough. A review of all of 
the available evidence led to the conclusion that one volume of gasoline 
wiB produce from 141 to 171 volumes of vapor. This vapor begins to 
form an explosive compound with air vdien the mixture contains IJ2 



SXPWSIONS IN SSWBRS 


533 


per cent, of vapor, or perhaps a little less. In such a mixture a flame will 
apparently just travel along. With a 1.5 per cent, mixture the flame 
travels much more rapidly and burns brightly. With 2 per cent, of 
vapor, the movement becomes so fast that the combustion will be explo¬ 
sive and this increases until the amount of vapor in the mixture is about 
2.6 per cent. The violence of the explosion decreases as the amount 
of vai»r increases, and when about 6 per cent, of vapor is present, 
the mixture apparently burns quietly and there is little danger of an 
explosion. No record of spontaneous combustion has been found, 
but very slight sparks will cause an explosion of mixtures containing 
certain proportions of vapor. For instance, investigations of alleged 
spontaneous explosions in dry cleaning establishments have shown 
that the spark was caused by the friction of the materials in the tank of 
gasoline. One example of this occurred when the materials in the tank 
were wool and silk, and another instance when leather was being 
treated. The addition of a little soap to the gasoline removed the 
danger apparently. 

The only instances of serious destruction of sewers, caused by explo¬ 
sions of this nature, which Mr. Hufeiand could find, were in Manhattan 
in 1906, and in Pittsburg in 1913, already described in this chapter. 

Sewer explosions generally consist of a series of upheavals of manhole 
covers, which are blown out with measurable periods of time between 
the explosions at successive points. An explanation of this condition 
is that the vapor does not collect in large amounts at any one point 
and that when it is ignited its explosive force is slight and the flame fol¬ 
lows along the course of the sewer, without doing much damage. 

The gasoline vapor is heavier than air and accordingly tends to 
accumulate over the surface of the flowing sewage. Its weight will 
also tend to make it flow downward with the sewage, toward lower 
levels, and if these are outlets, the vapor will escape into the open 
air there, provided the outlets are not trapped by the rise of tide or 
some equivalent. An element of danger is introduced into such a 
condition by the possible presence of illuminating gas. This tends to 
rise, and if present in a quantity making a combustible mixture with 
the air in a sewer, it might lead a flame, if it were ignited, back to the 
explosive mixture of gasoline vapor and air. It is also suggested that 
methane might have some influence on such explosions. Mr. Hufe¬ 
iand reports that it is rather frequently found in Manhattan in small 
quantities in pockets in which sediment has decomposed, which whm 
stirred up by a passing workman gives off gas that has occasionally 
flashed up and singed the hair and eyebrows of the man, although 
no serious injury is known to have resulted from this cause. 

The extent of the danger of gasoline in sewers is indicated by the 
fact that between 2500 and 3000 garages are estimated to be k use 
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in New York and a large number of cleaning establishments. In 47 
garages, within a total of 307 working days, the oil separators which 
are required to be used yielded 70-1/4 barrels of a mixture of heavy oil, 
kercsene and gasoline. A test of 3000 gallons of such collected material 
shoaed that it contained 40 per cent, of gasoline. In another case 
250 barrels of such a mixture were collected from 50 garages between 
May 2 and July 18, 1913, and 43 barrels were collected from a large 
taxicab garage between May 2 and July 16. No information could be 
obtained concerning the amount of waste gasoline from dry cleaning 
establishments. A very large number of the garages are in rather re¬ 
stricted districts, so that the quantity of this waste there is large. In 
spite of drastio regulations prohibiting the discharge of this refuse into 
the sewers, and the existence of companies which buy the wastes to 
refine them, the explosions are continuing, although with less frequency. 
The sense of smell also shows that much gasoline still reaches the sewers. 
It is Mr. Hufeland’s opinion that the existing regulations would 
absolutely prevent such explosions if they were enforced. He was 
unable to find any field test of the presence of gasoline which was simple 
enough to be put into the hands of sewer workmen, and he advised 
restricting the work of sewer exploration in districts where danger from 
gasoline exits to men who have a thorough knowledge of the subject 
and will obey and enforce the precautions which experience indicates 
to be necessary. 

Causes of Ignition.—Doubtless explosive mixtures of gas are present 
in sewers a great many times when no c.xplosions occur. Two condi¬ 
tions are necessary to create an explosion, the presence of an explosive 
mixture of gases and the ignition of these gases. Until within the last 
20 years probably moat of the explosions were set off by the use 
of free flames for lighting purposes by men employed in inspecting or 
cleaning sewers. Since the advent of electric traction and lighting, 
the electric spark is more likely to be the cause of ignition than it was 
in earlier years. In many cases the sparks are above the surface of the 
street, and there is but a remote possibility of their causing the ignition 
of gases in sewers, although if they are generated close to manhole or 
inlet covers there is a possibility of ignition from them. In other cases 
the sparks are generated in underground conduits, as is thought to have 
been the case when the explosion took place in New York on September 
21, 1914. There are many other opportunities for the ignition of gases 
in sewers, such as by lighted matches thrown or dropped into manholes 
or iblets, cinders and sparks from fire engines, locomotives and heating 
kettles, and possibly from spontaneous combustion by phosphine gas, 
as suggested by Prof. W. P. Mason in connection with the explosion of 
one of the Saratoga septio tanks. {Jowr. New England Water Works 
Assoc., 1907, p. 23.) 
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Prevention of Explosions. —How to prevent explosions in sewers 
appears to be one of the most important and perplexing problems before 
sewerage engineers today. The conditions surrounding the causes are 
such that the solution of the problem bids fair to be expensive and to 
involve restrictions which will prove more or less onerous to persons 
using inflammable liquids and which will arouse criticism and unpleasant 
comments regarding engineers and others having in charge the enforce¬ 
ment of the necessary regulations. 

A small percentage of gasoline vapor in air is sufficient to form an 
explosive mixture. It may be possible in some cases to provide sufficient 
ventilation in sewers to assure a dissipation and dilution of the vapor 
great enough to reduce the danger of explosion to a minimum. Whefter 
or not much can be accomplished in this way, it appears wise to secure 
as good ventilation as possible in the sewers. 

It may perhaps be desirable to give more attention to designing sewers 
so as to provide self-cleaning velocities and thus avoid deposits of organic 
matter which may give off combustible gases, although this sec ns to 
be a remedy of minor importance. 

Gasoline is readily volatilized at temperatures above 50° F. It is 
well known that large quantities of hot water, exhaust steam and 
sometimes live steam are discharged into sewers from public and private 
buildings. This is particularly true in northern climates during the 
winter, when heating systems are being forced, and it is not infrequent 
in cities to find manhole covers so hot that the naked hand can hardly 
be kept upon them. Under such conditions volatile liquors like gasoline 
are quickly converted into vapor. If, on the other hand, the air in the 
sewer is cool and the temperature of the sewage is normal, the tendency 
toward volatilization will I)c much reduced. While this condition 
will not assure safety, the danger of explosion can be reduced by pre¬ 
venting the discharge of hot water and steam in large quantities into 
the sewers. This hot water is very objectionable from several other 
points of view. 

Something can be done to reduce the danger of ignition of gases. 
Greater care can and should be exercised by those entering and working 
in the sewers to avoid throwing matches into manholes and to use 
electric lamps in place of open-flame lanterns. Greater care can also 
be exercised in avoiding an opportunity for the communication of electric 
sparks to sewers. Whatever may be done in this direction, however, 
catmot overcome the danger of ignition and for a complete solution of 
the problem it will be necessary to turn to a restriction of the discharge 
of inflammable fluids into the sewers, in addition to other preventive 
measures. 

The evidence at hand appears to indicate conclusivdy that a more 
serious effort should be made in all cities to prevmt the discharge of 
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infsnunabie msterisls into sewers, and this appears at the present time 
to be the most fruitful field of endeavor to prevent sewer explosions. 
Many cities are now provided with ordinances which, although not 
drawn expressly to prevent the discharge of gasoline and other infiam- 
mable liquids, are sufficiently broad to prevent such discharge if enforced. 
Some cities have recently adopted new ordinances governing the dis¬ 
charge of inflammable liquids. Such an ordinance is given on page 
638 to serve as a guide to those who are drafting similar rules. 

■■■ It is probable that the quantities of gasoline discharged from private 
residences and private garages is not generally sufficient to cause explo¬ 
sions under ordinary conditions, although there is a possibility that 



explosive mixtures may be caused even by the small amount from such 
sources. 

An important step has been taken In a number of cities in requiring 
sewer connections serving garages and other buildings in which inflam¬ 
mable fluids are used to be equipped with oil separators, of which several 
different tsTjes have been designed. Their utility is based upon the 
faqj that oil and gasoline are lighter than water and consequently will 
float upon its surface if given a suitable opportunity, which it is sought 
to provide by means of these devisee. 

The Paragon gasoline and oil separator is an apparatus which has 
been put upon the market by the Aneonia Manufacturing Company of 
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New York, to meet the regulations just quoted. In it, as indicated in 
Fig. 179, by taking advantage of the difference in specific gravity, the 
oil and gasoline are aUowed to overflow into an oil chamber while 
the water passes through the trap and out into the sewer. From time 
to time, as oil and gasoline accumulate in the chamber, they are drawn 
off or pumped out. 

Where separators are used, the regulations or ordinances of the city 
should provide for regular and frequent inspection of them and for the 
removal of the oil contained in them by the owners, contractors, or, 
preferably, the municipality. If this is not done effectively, the separa¬ 
tors will fail to serve the purpose for which they are installed. 

Safety Precautions.—The occasional presence of illuminating gas in 
sewers has been a matter of common knowledge for a great many years. 




Fio. 180.—Electric head light and electric lantern. 

It does not seem that there is at present any tendency toward an increase 
of this sort of trouble, and so far as the authors know there are no means 
of preventing its occasional occurrence. It is usually discovered and 
reported before an explosion occurs. When reported, every effort 
should be made to immediately ventilate the sewer in which it is found 
and to locate the leak in the main which is permitting the gas to 
escape. The trouble arising from gasoline vapor in sewers appears to 
have increased greatly in the last few years with the larger number 
of gasoline engines and automobiles in use. Something toward decreas¬ 
ing the danger can be accomplished by means of oil separating traps, 
thoroughly well ventilated, to prevent the escape of gasoline into sow««. 
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This does not seem to have met with general application, however, and 
great care should be exercised by those entering sewers to avoid igniting 
explosive mixtures of gas which may be encountered therein. One 
of the best means of accomplishing this is to substitute the electric 
lantern for lamps with open flames for use in inspecting or working in 
sewers. 

An instructive discussion by D. B. Rushmore of safety lamps and a 
new electric light for miners appeared in Engineering News, Aug, 15, 
1912. The electric lamp, made by the General Electric Co., is a com¬ 
bination of the hand-lantern and headlight, consisting of a miniature 
tungsten lamp-unit operated from a light storage battery. The battery 
has a capacity of 5 amp.-hr., and is of sufficient size to operate a lamp 
from 12 to 14 hr. When used as a headlight the lamp is fastened to 
the miner's cap and connected by a flexible cord to the battery, which is 
flat, 0-1/2 X 4-5/8 X l-l/8in., weighings lb. and is carried on abeltas 
shown by Fig. 180a. When used as a hand lantern. Fig. 180b, the lamp 
socket is removed from the cap receptacle and inserted in the receptacle 
on the side of the battery, simply taking the place of the cable-attaching 
plug. 

Ordinances and Regulations Governing Discharge of Inflammable 
Liquids.—The following ordinance from Washington, D. C., appears 
to provide as ample protection as is possible by law: 

“Sec. IS. No persons shall make or maintain any connection with any 
public sewer or appurtenance thereof whereby there may be conveyed into 
the same any hot, suffocating, corrosive, inflammable or explosive liquid, gas, 
vapor, substance or material of any kind; and no persons shall cause to enter 
or flow into any public sewer or appurtenance thereof any hot, corrosive, 
suffocating, inflammable or explosive liquid, gas, vapor, substance or 
material of any kind; provided, that the provision of this paragraph shall 
not apply to water from ordinary hot-water boilers of residences.” 

The special regulations adopted in Washington to carry out this 
ordinance read as follows: 

“1. Every garage or other structure for the housing, sale or repair of 
autsnnobiles, winch is provided with a wafer supply of either a temporary or 
permanent character, or in which automobiles are washed, cleaned or re¬ 
paired, shall be provided with proper means for draining the floors and repair 
pits, in such a manner that no drainage therefrom shall flow over any street, 
alley, or paved approach. 

“2. Any drain in the floor or repair pits of any garage or other structure 
for the housing, sale or repair of automobiles, whether required to be provided 
under paragraph 1 of this section or not, shall have a special sewer connec¬ 
tion separate from other waste or soil connections, and shall discharge into 
an intercepting trap which shall be located outside of the building and con¬ 
nected with the bouse sewer between the building walls and the public sewer. 

“3. This trap shall be so arranged as to intercept ail oils, gasoline, or other 



BXPWSIONS IN SEWERS 


539 


inflammable fluids, as well as sand, silt and other solids, for the purpose of 
excluding same from the sewerage system. It shall be water-tight, of sub¬ 
stantial masonry construction, so located as to be easily accessible for clean¬ 
ing and inspection, shall be provided with a standard Sewer Department cast- 
iron manhole frame and cover, except that in locations within yards and 
where not subject to traffic a suitable lighter cover may be used, shall be of 
design approved by the Engineer Commissioner, and shall have a depth of 
not less than 2 ft. below the grade of the drain pipe, with a net capacity 
of 6 cu. ft, where the storage capacity does not exceed three (3) automo¬ 
biles; where the storage capacity exceeds three (3) automobiles 1 cu. ft, in 
net capacity shall be added for each additional automobile. 

“4. Such traps shall have the accumulated oils and other inflammable 
fluids pumped or otherwise removed therefrom at regular intervals, and shall 
be so maintained as to insure the exclusion of the same from the sewerage 
system. They shall also be kept free of sand, silt and other solids, and 
will be subject to a periodical inspection by the Superintendent of Sewers, 

“5, Every existing garage or other structure used for the housing, sale or 
repair of automobiles shall be provided with a floor drain and garage inter¬ 
cepting trap in accordance with this section, within sixty (60) days after 
notice from the Commissioners,” 

A type of trap said to be approved under these regulations is a brick 
or concrete basin into which the drain from the garage discharges. 
The outlet pipe is provided with a OO-deg. ellww pointing downward, 
into the lower end of which is fastened a short length of pipe. The 
elevation of the outlet pipe is such that the elbow and short pipe at¬ 
tached to it effectually trap the basin, the normal minimum seal being 
6 in. 

On Jan. 3, 1912, the Municipal Explosives Commission of New York 
adopted a code of regulations, some of which bear directly upon the 
admission of inflammable oils to the public sewers, and are here quoted 
as of interest to those having in charge the operation and maintenance 
of sewers. 

“Sec. 289. It shall be unlawful for any person to connect an oil storage 
plant with any public drain or sewer, or to permit any liquid product of 
petroleum to escape into any such drain or sewer within the City of New 
York. 

“Sec. 376. No garage permit authorising the storage of volatile inflamma¬ 
ble oil shall be issued for any premises which are not provided with an oil 
separator, trap or other similar apparatus attached to the house drain for 
the purpose of preventing volatile inflammable oils from flowing into ^e 
sewer; provided, however, that the Fire Commissioner may, upon the rec¬ 
ommendation of the Municipal Explosives Commission, exempt from the 
requirements of this section a garage draining into a short sewer line. 

“Sec. 396. Each oil separator installed in a garage shall be connected to 
the house drain, and shall be so arranged as to separate all oils from the drain¬ 
age of the garage. 
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“Sec. 397. The oil receptacle of an oil separator shall not exceed GO gal. 
capacity, and shall be emptied as often as may be necessary to prevent the 
oil from overflowing; and such oils as are recovered from the separator shall 
be removed from the garage within 24 hours after being taken from the 
separator. 

“Sec. 436. It shall be unlawful for any person to discharge any volatile 
inflammable oil into any public drain or sewer. 

"Sec. 444. The holder of a permit to maintain and operate a dry cleaning 
or dry dyeing establishment shall not be required to obtain a permit to con¬ 
duct the business of sponging.” 

It is comparatively easy to draft ordinances and regulations which, 
if strictly enforced, would prevent the discharge into the sewers of 
most of the inflammable liquids now finding their way into them, and 
in most cities it is probably possible to secure the passage of them. 
It is not so easy, however, to enforce, such laws, and the chief difficulty 
with this line of attack on dangerous sewer explosions will come in the 
enforcement. In the larger cities, probably, much difficulty will be 
encountered, for many of the owners of garages and industrial establish¬ 
ments will oppose restrictions which may appear to them to be unfair. 
The repetition of such explosions as have recently occurred in Pittsburg, 
New York and other cities will do much toward creating a public senti¬ 
ment which will assist city officials in enforcing regulations. 

Other Dangers.—Even though the danger of explosion is avoided, in 
exceptional cases gases may be present in sufficient quantities and of the 
proper kind to endanger the men working in the sewer. Illuminating 
gas, while most conunon, may usually be detected by its odor. If 
however, there are some gas works wastes in the sewage which impart 
odor to the air and yet are not dangerous, the men may gradually come 
upon a quantity of illuminating gas without noticing the difference in 
odor and be overcome, with dangerous results. There is also danger 
from marsh gas formed in decomposing deposits and liberated in large 
quantities when these deposits are disturbed, as by being shoveled or 
walked upon. Hydrogen sulphide may also be formed under similar 
conditions, especially where the sewage contains sulphates, as from very 
hard water or sea water. An illustration of such conditions is furnished 
at the gate chamber at the end of the Los Angeles outfall, mentioned in 
Volume I. 

Another illustration is afforded by the death of three experienced 
sewer workmen at New Bedford, Mass., on April 10,1914. A section of 
an intercepting sewer had been closed by a bulkhead in order that the 
portion below the bulkhead might be put in use while that above was 
being completed. The men entered the sewer at a manhole 500 ft. 
above the bulkhead. They adopted none of the precautions advised in 
this chapter. About 8 hours later, their bodies were found by a searching 
party undw conditions which indicated that they had pro^My worked 
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their way well down toward the bulkhead, when they disoovered the 
presence of gas. One of them escaped to within 100 ft. of the manhole 
and then fell over with his face in a little trickle of water on the invert, 
in which he was practically drowned. The others did not get nearer than 
300 ft. to the manhole; their bodies were found against the wall of the 
sewer, the arm of one through that of another in a way indicating that 
he was helping the latter aloi^ when both collapsed. 

The only practicable way in which to avoid danger of being overcome 
by such gases as may be found in sewers under exceptional drcuffl- 



stances appears to be to provide liberal ventilation before entering and 
while working in them. Care should also be exercised to provide 
young and vigorous men for such work, to see that there are 
men in the party to provide necessary assistance in case of need, tad 
to require that Ufe belts be used when the men are in particular d^r 
For emergencies the breathing apparatus used in mine rescue work airf 
for entering burning buddings may prove useful. Such apparatus is 
described in Miners’ Circular 4, V. S. Bureau of Mines. One iype is 
iUustrated by Fig. 181. It consists essentiaUy of a cyKnder of oxygen, a 
breathing bag and a regenerator or device for removing the oarbw 
dioxide from the exhaled air. The operator breathes through tta mouth 
from a tube leading from the breathing bag wUch constitutes the res^ 
voir pf air, the oxygen in which is kept at the proper proportion by the 
supply from the oxygen cylinder. The exhaled air after being re¬ 
generated is used over and over. 
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Abandoned work, 4S8 
AiMorption, brick. 351, 352 
jHpe, test. 296. 484 

Aocidenie, contractor’s recponsibility. 458 
falling trench braces, 263 
frosen dynamite, 138 
gases in sewers, 540 
riveted pipe floated, 320 
rook slides in trenches, 268 
shoring. 214, 234, 271. 280 
trench machines, 83 
unloading holes, 144 
wind blows floated pipe, 328 
Acetylene, cause of explosions in sewers, 531 
Acid, cleaning concrete with, 391 

hastens settling of washed samples, 11 
Adams, A. A.; cleaning sowers, 499 
Adamson, Robert; causes of explosions in 
sewers, 531 

Adhesion, in earth, 270 
Administration, expenses at Louisville. 169 
organisation at Louisville. 23 
Advertisement of contracts, 441 
Aftercouler, on compressed air plant. 122 
Aggregates, 374 
gravel, 372 
specifications, 474 
stone, broken, 474 
inspection, 33 
Air, compressed. 121 

advantages in drilling, 109 
cooling and reheating. 122 
drills, 105 
tunneling. 258 
Air oomprsasors, 126 

locks on seww tunnel under pressure, 
259 

Aldrich, Allen: sewer-cleaning tods, 507 
Alkalies, action on concrete. 370 
Alluvium, an^e of repoao, 269 
shoring trenches in, 267 
tMiy-bracing trenches in. 237 
Alterations in contract (tuantitiee, 458 
Alum and soi^ for making concrete imper¬ 
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Amerii^ En^eering A C<»struetion Co., 
steel forms, 418 
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Anide of repose, 268 

increased by oomprMsion. 278 
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Arbitration, bars, 478 

cannot be made compulsory, 437 
clauses, 438 

engineer's duty under oonUaoi 
ments, 435 

Arching of backfilling, 153 
Areb-timbering of tunnels, 257 
Areas, averaging end. 159 
Asphalt joints, 339 

Asphyxia from fumes of explosives, 137 
Atlas powder, 182 
Augers, for sampling earth, 7, 14 
Austrian method of tunneling, 66 
Automobile insurance, 444 

for cleaning catch-basins, 510 
Auxiliary valve for drills, 106 
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Backfilling, arching produced by narrowed 
bottom of trench, 153 
frosen material unsuitable, 311 
inspection, 35 
Iowa speciSoiUons, 309 
methods, 309 
DO adhesion to bank, 270 
puddling, 309, 311 
rock in, 128 
rdling, 310 
sperificatdons, 471 
Bags for mortar for JoinU, 333 
BaUing, 67 

specifications, 471 
Baker, Ira O.; angle of repose, 8M 
Ballast. 475 
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Baltimore. Md.; condensiDg water from 
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waterproofing concrete icwera, 389 
Barbour, frank A.; asphalt Joints (or pipe 
sewers, 340 

riassifieatioQ of exeavatfoD, 56 
(ttpe Joints. 335 
Ban, arbitration, 478 

reinforeuv, 384, 406, 475. 477, 483 
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BaUria, N. Y.; foundations in wet tnmrim, 
302 
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Batch concrete muers, 377 
Bated, John S.; aephalt jointti for pipe 
sewetd, 340 

Bates. W. F.; laying subaqueous outfaU, 
324 

Batter boards, on piles along outfall sewors, 
30 

transferring line and grade. 2i\ 

Butteries, blasting. 144 
Bearing strength, vttnficd pii>e, 207 
Beetle, fur {Irivuig slieeling, 2t)2 
Belgian methml of tuiuielmg, (m 
B ells, Coffin's study of their shape, 33.') 
specifications, 4K3 

Bench marks, located by prebniinary sur¬ 
veys, 3 

position for giving sewer gracles, 27 
Bench wall forms. 3U1>, 401. 401. 400, 111 
Bevehiig sheeting, 210. 240 
Bidders, information for, 441 
bonds, 443 

Bids, form of proposal, 442 

where alteriuitive matenals may be 
used, 347 

Bill of materia) fur shoring trenches, 224, 
22.'>, 226 

full rounil wood forms, 41K 
Bits for drilling 

hand dnlhng, 102 
steam and uir drilling 
length, 107 
shurpening. IH>, 120 
teniiwnng. 110 
Dituminoiis joints. 330 
Blanket clauses, 430 
Blanks for records, branches, 305 
force aerount, 4ft, 47 
general and overhead charges, 40 
labor on pijie laying, 44, 50 
manholes, 30,5 

materials and supplies for pi]>e laying. 
45 

sewerage statistics, 517 
tools, equipment and repairs in pi|>c 
laying, 48 

total cost of pipe laying, 48 
Blasting, care necessary in trench work, 
130. 208 

olnaning holes, 142 
cost in trenches, 150 
cut and broakiog-in shuts. 07 
fumes, 137 
machines, 144 
priming cartridges. 143 
ffipaeing holes, 103 
spoeifioaiions, 470 

using different exploeivee in a hole, 1,3,5 
wet holes, 138 

Blaw Steel Construction Co.; steel forms 

for ooDcrete, 407 


Block sewers, vitrified. 301 
concrete, 302 
Block'bobog, 113 
Blocking pipe, 317 

Blocks to lengthen trench braces. 231 
Board of Local Improvomonts, Chicago, 
rock excavation specifications, 57 
Board of Water Supply, New York; con¬ 
struction of concrete invert. 391 
leveling requirements, 3 
requirements for brick, 351 
Boilers, stoum driilmg, 107 
Bond, in brickwork. 354 
Bonus payments, 451 

Louisville sewerage construction exper¬ 
ience, 100, 452 
Borings, auger, 7, 14 
Core drill, 15 
frequency of holes, 16 
punch, 6 

recording mutermls on profiles, 14, 21 
wash. 8 

Boston, brick laying performance. 350 
cxplnsions in sewers, 532 
groaso in sewers, 404 

Boston Society of Civil Enginei-rs, summary 
of sewerage statistics, 517 
Boulders, dobe blasting, 143 
measurement, .55 
Boxes for thawing dynamite, 141 
Box sheeting, 232 

Boynton, C W’ ; pipc-tesiing machine, 205 
Braces, trench, blocks to lengthen, 231 
extension, 2,33, 203 
placing, vertical sheeting. 216. 205 
pres<*nce affects concrete operations, 
420 

quuiiity of lumber nee<U‘d, 222, 220 
sue. 222, 240. 281, 280 
spacing, 210 
tunes used. 224 
Bracing, on eurvos, 238 
stay, 230 

Branch, E. W.; cleaning sewers, 499 
Brannhes, Im'ation, 39, 304 
reeords, 38. 306 
stoppers, 307 

specifieationa for placing, 480 
Breakage, vitrified pipe, 291, 292 
Breathing apparatus, 541 
Breed, J. B. F.; engineer's estimates and 
contraet costs, 162 
shoring Ixmlsville sewers. 227 
specifications, 466 

Breneman, A. A : explosions in sewera, 529 
Brower, Bertram; flushing sewers. 497 
Brick, advantages and disadvantages, 347, 
367 

broken, in manholes, 352 
cost of brick sewen, 360 
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BAok, handliog, S52 
inspection, 33 
laying, 354 
use of profile, 307 
apeclfioations, 478 
plastering, 479 
quality, 350 
rate of progress, 360 
aise. 350 

specifications, 478 
tests, 351, 352 
vitrified, 369 

Brockton, Maas.; flushing sewers, 497 
Bronx Valley sewer, using materials from 
trench, 371 

Brooklyn, Borough of: bttuiniiioue iniiits 
for pipe sewers, 341 
cleaning catch-basins, 514 
denning sewers, 503 
tests of vitrified pipe, 298 
Brown, N A ; wash borings, 12 
Brunton bit, 118 
Buckets, bottom-dump, 380 
concrete, 379 
cost of excavation, 161 
excavnting. 98, 320, 322, 323 
Buckeye traction ditdier, 95 

cost of excavation. Denver, 167 
performance at Denver, ]09 
Buffalo, N. Y ; explosions in sewers, 530 
Buggy, concrete, 379 
pipe, 300 

Buildings, measuroments whore settlement 
may occur, 81 

^cords taken on preliminary surveys, 
4, 22 

records taken during cunstruciion, 35 
Bulkhead at end of construction section, 401 
Bums A McDonnell; classification of exca¬ 
vation. 57 

Butterfly valve for drills, 106 

C 

Cableway, use on sewer trenches, 93 
Caisson on sewer tunnel under air, 259 
Calcium carbide, source of explosive gases. 
531 

Canals, cost, 160 
Caps for explosives. 142 
storage, 149 

for sheeting planks, 203 
Car for concrete, 380, 381 
Carbonitc, 132 

Carbons for core drills, 15, 10 
Car-load, feet of pipe in, 292 
Carpenter, Oec^ge A.; cleaning catch- 
basins, 510 

Camm-Tr^or bcusur and conveyor, 93 
Carson trench machine, 83, 232 
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rangers and braces, 287 
Carts for catch-basin refuse, 514 
automobile, 510 
Cartridges, dynamite. 134 
priming, 142 

Casting earth in excavation. 00 
Castings, iron, 478 
Catch-basins, cleaning, 500, 525 
frecsing, 511 
location, 520 

oiling to kill mosquitoes, 510 
specifications. 487 

CaltcU, W. A.; classification nf exesvahott. 
50 

Cutskiil Aqueduct; brick requirements, 351 
construction of invert, 391 
leveling requirements, 3 
time forms were in place, 431 
Cellars, effect of undcrdraiiis, 75 

preliminary records of depths, 4, 22 
Coriient, mspertioii, 31 

joints in pipe sewers, 331 
non-dccompoBuble, 370 
specifications, 473 

testing with sand to be used. 32. 354 
volume, 370 

wash on brick sewers, 3.V> 
weight, 376 
Centers, block, 308 

brickwork, eonstructiun, 397 
spi'cifirations, 479 
withdrawing, 354, 39H 
coiierete, cleaning, 42H 
curves and junctions. 424 
handling, 432 
length. 409 
lubrication. 429 
lumber for, 424 
metal-covered wooden, 403 
peeling, 407, 420 
prevention of swelling, 418, 424 
specifications, 48 
steel. 404, 407 
cost. 428 

time in place, 430 
wooden. 398. 404 
cost, 425 

Ontrifugal pumps, 68 
Chain rope. 300, 353 
Changes in soil conditions. 270 
in coctrsets. 435. 436. 4ti0 
Charges for engioeering services, 53 
Chicago, I awrence Ave tunnel shield and 
lining, 257 

Childs, Btophen; underdrainage at NswUmi* 
76 

Chocking Uoeks, in tunnsUng, 255 
Chum drilling, 101 
Chutes, eooemte, 881 
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CincsnnAit. Ohio: sewer brick requirements 
361 

topoKraphie inap,^0 
underground sui^y, 2 
Clam-fheU buckets, OS 
Clamp, friction, for drawing boring rod. 7 
pulling steel sheet piles, 247, 248 
sheeting. 2^ 

ChuNuficatioD of excavated materials, 

Clay, and linseed oil joint compound, 342 
an(^e of repose, 269 
for making impervious concrete, 386 
joints in pipe sewers, 3^ 
shoring trenches in, 267 
tunneling through, 251 
Cleaning, catch^basms, 609 
centers and forms, 428 
concrete before resuming laying, 301, 
420 

drill holes, 105, 108, U3, 142 
pipe after laying, 334 
sewers, 501 
underdrains. 78 
Cleats on trench braces, 210 
Cleveland, Ohio; submerged steel nxitfall, 
327 

Cloth wrapping on pipe joints, 332 
Cochran, Jerome; lumber for wood forms, 
424 

lubricating forms. 430 
Coffin, Freeman C.; tests of pipe joints, 334 
Cohesion, effect on earth pressures, 269 
C^d weather, concrete work in, 391 
Collier, James, machine and hand exesva* 
tioo, 167 

rate of progress on construction, 109 
Colors, for maps, 21 

red for main results in computation, 41 
used in contrasting weekly and monthly 
records, 31 

Columbus, Ohio; bvaes used in sewer clean¬ 
ing, 502 

deposits in sewers, 495 
Commission on Additional Water Supply, 
New York: waih borings, 11 
Compensation, workmen’s, 443 
Competitive bids on alternative materials, 
347 

Compressed air, 121 

advantages in drilling, 109 
cooling and reheating, 123 
drills. 105 

requirements fw 1 or mof« drills, 121 
^ transmiasioo, 132 
tunnsUng, 2 58 
Compressors, air, 180 
Computation sheets, preservation. 40 
Concord, Maas.: heavy earth pressures in 
storage wdh 278 
Ouihiftg sewers, 4M 


Concord, Mass.; roots in sewers, 500 
Concrete, advantages and disadvantages, 
347, 349. 367 
block sewers, 362 

cleaning before resuming laying, 391, 
429, 481 

cost, factors affecting, 414 
Louisville, 186 

cracks caused by swelling centers, 418 
cradles for pipe, 302, 308,317 
disintegration by chemical action, 360 
extra amount to avoid using outside 
forms, 157 

maximum density desirable, 373 
mixing, hand, 374 

in restricted space, 378 
machine, 377 

relative economy of hand and roa> 
chine, 376 
specifications, 480 
placing, 382, 481 
affected by trench bracing, 420 
in freesing weather, 391 
Louisville, 393 

proportions of sand, stone and ce¬ 
ment. 372 

quantity in Louisville sowers, 186 
rate of progress in l^uisville sewers. 
201 

rubble. 481 

spading and slicing, 382, 481 
specifications, 480 

surfaces, keeping stone from. 383,481 
granolithic, 482 
transporting, 379 
wet mixtures needed, 382 
work joints, 390. 414 
Condensing water from underdrains, 78 
Conduits, record of location in streets, 3 
Conglomerates, cost of excavation, 161 
Contingencies, providing for, in contracts, 
436 

Continuous concrete mixers, 378 
Contours, intervals for preliminary sur¬ 
veys, 4. 20 

on Cincinnati maps, 20 
Contractors, address given in rontract, 46! 
examination of conditions before sub- 
mittmg bids, 68 
fav(«ing local, 166 

inspection does not relieve eontracton 
of respomubtlity, 467, 461 
insurance, 468 

must afford facUiitea to others on tame 
undertaking, 457 
powder, 131 

relatiMis with enginam. 37 
Contracts, advertisement, 441 
amluguity and iUc«idity, 433 
blanket cl a u ses . 130 
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ContraoU, eht&ftt in. 435. 436. 460 

oomparnd with force account work. 433 
oontlngenoiee to be provided for, 436 
ooet plus fixed sum, 440 

with guaranteed limit, 450 
easentials, 434 

general form of engineecing, 441 
authors* form. 465 
lump sum. 448 

must agree with advertisement, infor* 
mation for bidders and proposal, 
443 

New York precautions in drawing. 433 
oral statements modifying, 438 
percentage, 448 

on labor and materials, 449 
preparation, 22 
printing, 455, 463 
restricted to local bidders, 165 
should be clearly expressed, 434 
surety’s interest in changes, 436 
unit price, 446 
Coping stones, 480 

Copper spoon for unloading blast holes, 144 
Core drilling. 15. 105 
Cost>keeping methods, 43 
Cost plus fixed sum contracts, 449 
Coats, administration, 63 
backfilling, tamping, 311 
Buckeye traction ditcher, 07 
core drilling, 16 

Denver sewem, machine and hand exca¬ 
vation, 167 
diaphragm pumpe, 68 
^’ditching, 160 
dredging, 160 
dynamite. 149 
electric fuse, 150 
engineering and supervision, 52 
explosives in rock tronohes, 1£0 
forms and centers, 396 
full-round wood, 417 

erecting, striking and moving. 415 
bandUng, 415, 432 
steel, 408, 428 
wood, 425 
hand drilling, 1(K2 
Joints, asphalt, 341 
sulphur-sand. 338 
Louisville sewerage system, 162 
concrete and steel. 186 
eontraet work. 169 
earth imd rook excavation. 173 
eaginetfing and admiaistratioo, 53, 
160 

manholes, 866 

c^Mration and maintenanos of ssw^age 
systema, 622 
idps, joinrias. 318 
laying, 312 


Costs, subaqueous pipe laying, 323 
rook exoavatioo. 104 
sewers, brick, JfiO 
deaniag, 4f4l|F501 
ooaeretc in, 394, 414 
influence of different factors, 195 
per foot of diameter of 1 iin. ft. of 
sewer, 394 

sounding in earth and bardpan, 7 
steam shovel excavation. 160 
in trench, 94 

topographic surveying and mapping, 21 
trenching by hand and machine. 82,167 
tunneling, 63 
vitrified segments, 361 
wash borings, 12,13,14 
rig, 10 

work of Carson trench machine, 89 
Couplings for sewer rods, 507 
Cracks in oonorete, 390, 391 
due to swelling centers, 418 
Cradles, brick sewers, 355 
pipe sewers, 303, 308. 317 
specifioatiuos, 485 
Cranes, imntry, for pipe laying, 318 

traveling, oq trench excavation. 98, 320 
Crown-bar timbering, 256 
Curbing, specifications, 488 
Curtis puller for steel sheet piling. 247 
Curves, bracing trenches on, 238 

Carson excavating machine on, 89 

D 

Damages due to altwations In contract 
quantitiee, 458 
liquidated, 461 

experience at Louisville, 169. 452 
suits at Louisville. 162 
Dana, Richard T.; explosives. 180, 135 
Darlington. Dr. Thomaa.; treatment of 
asphyiiatimi by fomea, 137 
Day labor, compared with wmtraet work, 
433 

ooet keeping. 46, 47 
experience at Louisville, 162, 165 
Deaths in sewers. 540 ... 

Denver. Colo.: co&t of machine and band 
excavation, 167 
on brick sewers, 357 
rate of progress on construelion, l99 
Deposits in sewers. 493 
removal, 500 

Dmriek fta trench excavation, W 
bandiing vitrified p^. 800 
aeow, 324 

sulky, for pipe laying. 817 
Detonation, nature of, 180 
Detroit, laying larg^ concrete pipe, 2W 
Diamond ^dU, 15 
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Di(^}hragm pumps, 67 
Differential valve for drill, 106 
DiaoounU, pipe list prices, 291 
Disintegration of concrete, 369 
Distance of ntagaiinos from buildings and 
r^ways, 148 

Ditches, Buckeye traction ditchers, 95 
cost, 160 

Dobe blasting, 143 

Dolly tued in sharpening bits, 121 

Dopes, in explosives, 131 

Dorr, E. 8 : grease in sewers, 494 

use of Bcrapere in sewer cleaning, 500 
Drag scrapers for trench work, 9H 
cost of excavation, 101 
Drainage, 09, 408 
speciffoations, 471 
underdrains. 75 
with driven wells, 09 
Drawings, checking old, 5 
contract, 22, 42, 453 
mapping, 19 
record, 41 
Dredging, cost, 100 
Dressing lumber, 240, 425 
Drifts, dehnitiuu, 05 
use, 60, 250, 250 
Drill steel, hand drilling, 102 

steam drilling, length. 107, 110 
sharpening, 110, 120 
tempering, 110 
Drilling, core, 15 
hand, 101 
churn, 101 
iet. 8 

limitations of different methods, 114 
scow. 323 
spacing holes, 103 
Bt^m and compressed air. 105. 115 
boiler capacity, 108 
compressed air needed, 121 
piping for. 107 
Drills, electriooair. 110 
hammer. Ill 

percusuon, sises for sewer work. 100 
types, 106 

wheel mounting, 110 
Drip stones, specifications. 488 
Driving caps for sheeting planks, 263 
Dropping rook in backfilling, 471 
Dusiin, 132 

Dunn, Col. B. W.; shipment and storage of 
explosives, 147 

di^^Ponl dc Nemours Powder Co., E. I.; 
blasting machines, 144 
priming cartridges. 142 
^wiog dynamite, 139 
Dynamite, amount for trench ezoaratloa, 
IM. 105 
cartridgM, 184 


Dynamite, composition, 131, 135 
cost, 140 

disposing of unused, 144 
frooxing, 138 
priming, 142 
rating strength, 134 

E 

Earl. George G.‘. contract for labor and 
materials on percentage basis. 440 
Earth, adhesion, 270 
angle of repose, 268 
changes in character, 270 
cohesion, 269 

determination of character by sound¬ 
ing, drilling and boring, 0 
excavation, 54 

cost at Louisville, 173 
pressures, 271 

Carter’s diagram, 287 
hydrostatic conditions approximated, 
276 

Meem’s theory, 277 
Bankinc'a formula, 271 
selection for backfilling. 311 
shrinkage, 310 
tunneling in, 65 

Earthwork, measurement, 158, 409 
shrinkage. 310 

Elberfeld, asphalt joints in pipe sewers. 
339 

tests of pipe sewers, 340 
Electric-air drill, 110 
Electric current, voltage for tunnels. 04 
Emergency work, 456 
Emerson steam vacuum pump, 72 
End areas, averaging, for quantities, 159 
Engineering, cost, 52 
Louisville, 169 

department for construction, 22 
diagram of Louisville organisation, 23 
work during oonatruction, 26 
Engineers, arbitrators. 435 
charges for services, 53 
decision regarding workmanship and 
materials, 450, 459 
may require discharge of men, 457 
relations with contractors, 37, 456 
English method of tunneling, 66 
Equipment, coet keeping, 48 
Estimates, eonorete in sewer, 394 
final, 460 
for bidders. 446 
frequency, 39 

Fuller’s rule for concrete, 39 
monthly. 460 

Examination, local conditions by eonirget- 
ors befcMre lidding, 58 
sewers, 492 
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ExcavA^OB, below grade prevented by 
inspector, 35 

below pipe in rook trench, 56,128, 464 
bottom oi trench, lows apociScsttonf, 
308 

authors' specifications, 404 
cableway, 91 

Carson-TriUDor hoister and conv^or, 
83 

Carson trench machine, 83, 232 
classification of materials, 55 
cost, different methods, 160 
Louisville, 173 
danger due to previous, 238 
derricks and cranes, 08 
drag Bcrapem, 08 
endless chain machines, 03 
excavating buckets, 08 
froseo material, 50 
general discussion of subject, 54 
giving grades, 20, 464 
band, 58 
hydraulic, 325 
inspection, 34 
lines of. 152. 454, 464, 407 
measurement, 400 

near bottom of trench with machinery, 
09 

Potter hoister and conveyor, 90 
quantity, 151 
quicksand, 81 

rate of progress, Denver, 109 
Louisville, 201 
special structures, 407 
q>ecificBtionB, 407 
steam shovel, 03 
Explodera, 142 
storage, 140 

Explosions in sewers, 492 
Boston, 532 
Buffalo, 530 
causes of ignition, 534 
Hartford, 531 
Manhattan, 529, 531 
New Haven, 630 

ordinances and regulations to prevent, 
538 

Philadelphia, 530 
Pittsburg, 528 
preventinn, 535 

sources of infiammable gases, 627, 531. 
533 

Explorives, ammonia powder, 134 
cartridges, 134 

cause of disruptive effect. 130 
eomposition of numerous explosives, 
132 

eUnUwetors' and Judson powder, 131, 
183 

dopes, 131 


Explottvas, dynamite. 131 
gelatin, 134 

gunpowder (black powder), ISO 
matasines, 147 
tUtroglycerin, 131 
rapidity of anrion. 135 
selection for economy. 136 
shipment, 147 
strength rating. 134 
two grades in a hole, 135 
wet>hole oxplosivM, 138 
Extension bnu«s, 263 
Extra payments, contract ctauses. 450 
Louisville sewerage extras, 100 

F 

Farouin, Loring N.; subaqueous pipe laying, 
322 

Fulton, C R : flushing sewers, 407 
Fences on trenches. 456, 408 
Ferro Concrete Co.; wooden forms lor large 
sewer, 390 

Filtitc jointing compound, 345 
Fitch, Charles F : steel forms. 410 
Flinn, Alfred D ; time forms are in place, 431 
Floating pipe, 326 
Flushing, methods, 406 
necessity, 403 

Flusb'lanks, inspection, 491 
Ftrc® account, compared with contract 
work, 433 
cost keeping, 46, 47 
experience at Louisville, 162, 165 
Foroite, 133 

Ford. F. L.; sewer cleaniag. 502 
Form of contract, 465 
of proposal. 442 

Forms (eonstrurtion). brickwork, 807 
cleaning. 428 

cost of handling small, 415 
curves and junctions, 424 
full round, 415 

good workmanship needed, 348 
handling. 432 
length, 400 
lubricating, 420 
lumber for, 424 
manholes, 420 
meiai-eoverad wooden, 403 
outside, omitted by use of extra con¬ 
crete, 151 
peeting. 407. 420 
q>edfieatiooa, 470, 481 
■toel. 404. 40? 
cost. 428 

time in plaee. 430 
wooden (<w concrete. 808, MM, 415 
coet, 425 

Forms (records), branebae, 306 
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Forma (roeorda), foroe accouat, daily. 
46. 47 

general and overhead chargea, 49 
labor on pipe laying, 44, 50 
manholei, 305 

materiala and aupplies for pipelaying. 
45 

aewerage atatiatica, 517 
toola, equipment and repairs in pipe 
laying, 43 

total (Boat of pipe laying, 48 
Fort. E. J.; bituminous joints for pipe 
sewera, 341 

cleaning catch-baains, 514 
aewers, 503 

Foundations, in wet trenches, 302 
apecificationa, 473 
value at Hoboken, 304 
Freesing, cateb-baains, 511 

condensation in compressed ulr plants, 
122 

dynamite, 138 

guarding concrete against. e91 
Friction in cumpreasod oir pipes, 124, 125 
Frosen earth, excavation, 59 
backfilling, 311 

Fuertes, James H ; foundations of Hoboken 
sewera, 304 

Fuller, George W.; classification of excava¬ 
tion. 50 

Fuller. Wm. B.; approximate rule for con¬ 
crete mixtures, 39 

test for concrete of maximum density, 
373 

Fumos from blasting, effect of, 137 
Fungus growths in sowers, 495, 490 
Fuse, priming with safety, 142 
Fuse, connecting, 146 
electric, 142 

O 

Gaging stations, should be established 
early, 5 

Gantry crane for pipe laying, 318 
Garage traps, 530 
Gases in sewers. 527 
Gaskets, 318, 331, 335 
Qastdine, extent of danger from 1 gal., 532 
nature of explosions, 533 
aqiarator, 536 

source of dangerous gases. 527, 528 
Gault, Matthew: cieMiittg catch-basins, 514 
sharpening bits by maohines, 120 
Oe|ptin dynamite, 184 
O^ignite, 133 
Geologieal Surrey ini«», 3 
Ofurman method of tunneling. 66 
Qiaiit powder, 188 

OU}»tte,H« F.j«OBqpOAiion of explosives. 183 


OiUette, H. P.; labor on briok masonry, 357 
rock excavation. 103, 104 
G-K compound, 342 
Gneiss, cost of excavating, 161 
Go-devil for cleaning pipe, 334 
Grades of sewers, checking records, 4 
grade pole. 26 

notebook used in staking out, 41 
transferring line and grade to sewer, 26, 
31 

(trading material around undeidrains, 77 
concrete aggregates, 373 
Grady puller for steel sheet piling, 248 
Granite, cost of excavation, 161 
drilling holes in, 103 
Granolithic finish, 482 
Gravel, angle of repose, 269 
inspection, 33 

screening and recombining, 373 
shoring trenches in, 267 
specifications, 474 
using, from trench, 371 
voids, 372 
washing, 371 

Gravity concrete mixers, 378, 381 
Grease for lubricating forms, 430 
c^posits in sewers, 494 
traps, 494 

Great Falls, Mont.; disintegraUon of con¬ 
crete pipe by alkaline water, 370 
Griffin, J. Alden; jointing cement pipe, 333 
Griggs, Julian: barges umd in cleaning 
sewers, 502 

deposits in Columbus sewers, 495 
Grooves for joints in concrete, 301 
Ground, settlement. 79 

water, effect on cost of excavation, 161 
leakage into sewers, gaging. 5 
permissible amount, 36 
record of elevation, 17, 40 
removal from trenches, 67 
stimulated fungus growth, 499 
Guvanty by contractor, 460 
Guard r^ls, 220 
Guardiiqt trenches, 456 
Gunning drill hdes, 108 
Gunpowder, 130 
Gutters, speoificatioiu, 488 

H 

Half-moon for cleaning pipe, 334 
Hamlin, Homer; disintegration of Los 
Angeles outfall, 369 
Hammer, bracing, 262 
drUls, 111 
band drilUng, 101 
steam. 246, 248, 249 

Hammond, O. T.; tests of vitiiftsd pqw, 998 
Band excavation. 56 
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Hand exoavAticm. cost. 161 
drillinf, 101 
mixing, concrete, 374 
Handling, materials, brick, 352 
earth. 83 
forms, 432 
mortar, 353 
pipe, 290 
roek, 127 

Hanroddy, James; steel forms, 414 
Hardness of rook as basis of dassifioation, 57 
Hardpan, shoring trenches in. 267 
Hartford, Conn.: deaning sewers, 502 
Haul, effect of length on cost of cleaning 
basins, 512 

Havana, Cuba, wheeled trench drills, 110 
Haien, Allen; classification of excavation, 56 
Heading, definition. 65 
Healey sewer cleaning machine, 505 
Heating concrete materials in cold weather, 
392 

Hempstead, Eng.; lining worn inverts, 516 
Hendrick. Calvin W.; waterproofing Balti¬ 
more Nwers, 389 
Hereules powder, 133 

Henneking, Carl; asphalt joints in pipe 
sewers, 339 

Hering A Fuller; clasaificaUon of excavation, 
56 

Hering A Gregory; classification of excava¬ 
tion, 56 

High-center bit. 118 

Himes, Albert J.; breaking contracts. 437 
Hoboken, N. J.; foundations for sewers, 304 
Holes, cleaning drill holes, 105, 1(^, 113 
with steam, 142 
drill, 103, 105 
explMives for wet, 138, 143 
loading with explosives, 141 
unloading, 144 

Holmes. A. L.; subaqueous pipe-lsying, 326 
Honolulu. H. 1.; laying subaqueous outfall, 
322 

Hook, lifting, 300 
rope, 300, 353 

Hoopea, Cbarles; foundations in wet 
trenchM, 302 

pipe joints in wet trenches, 332 
Hopedsle, Mass.: performance of drills in 
quartiite. 115 
litws of excavation, 152 
Horisontal sheeting for trenches. 232 
Horner, W. W.: soundioga in earth, 7 
Horse-head, in tunneling, 254 
Horsley powder, 133 

Hose, by-pasdng inverts under repair. 616 
for diaphragm pumps. 68 
life differs wi^ steam and air. 109 
Hough, Capt. D. L.; mutuality <rf eontrsrts. 
4S5 
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Howe, Malvwd A.; tests of pipe jointi, 334 
Hubbard, W. D.; cleaning sewers, 498 
Hufeland, 0.; explosions In sswsrs, 532 
Hunter, W. D.; cleaning sewers, 498 
Hydrants, soeess during exoavation, 468 
records of location, 3 

Hydiwted Ume for making concrete imper¬ 
vious, 386 

Hydraulic sluicing, cost. 160 ■ 

Hydrogen sulphide, infiuenoe of water con 
taining sulphates, 370 » 
presence dangerous to eonerete, 369 
Hydrostatic pressures on sheeting, 275 

1 

Illuminating gas in sewers, 527. 532 
Industrial wastes, regulations regardiiqt dls- 
ebarge, 496 

Information for bidders, 441 

judicial opinion r^arding its character. 
446 

Inlets, 487 
Inspection, brick, 33 
cement. 31 
construction, 25, 464 
cost, 52 

cost-keeping, 47 

does not relieve contractor of responsi- 
biltty. 457, 401 
duties of inspector, 30 
excavation, 34 
final. 36 

maintenance, 491 
precaurioos for safety, 537 
pipe, cast-iron, 31 
vitrified pipe. 293 
sewers, 345 
■and, 32 

■tool for reinforcing, 33 
stone and gravel. 33 

Institution of Civil Engioeers. president 
appoints arbitrator of disputed 
contracts. 44U 
Insurance, 443, 46H 
Intoxicants on work, 457 
Inverted siphons, iospeetion, 517 
lavcets, early eonstruction, 383. 399, 401, 
403. 406 
lining worn. 516 
specifications, 479, 480 
wear, 368 

Iowa pipe-laying requiremenU, 307 
Iron castings, spodftcations, 41^ 

Italian method of tunneling, 66 

J 

Jackhammer drill, 111 
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Jersey City, N. J.; arbitration clause iu 
contract for waterworks, 43S 
laying steel pipe, 319 
Jet, water, cleaning dredged trench, 324 
drilling rigs, 8 
driving sheeting, 238 
loosening material for suction dredge, 
326 

sheeting, 36 

lowering submerged pipe. 321 
Joint Outlet Sewer, N J ; tur-cement 
joints, 341 

Jointite jointing compound. 345 
Joints, asphalt, 339 
bituminous, 341 
brickwork. 364. 397 
cement, 76, 331 
sperifictttion, 485 
clay. 330 
flliite, 345 

flexible, 321. 323. 320 
G-K compound, 342 
specification, 4K5 
jointite, 345 
lead. 318. 480 
leudite, 331 
marblouid, 345 
overfilled, 334, 330 
plun mortar, 485 
Stanford, 330 
subaqueous, 325. 328 
suiphur>sand, 336 
Ur. 339 

Ur-cemenl, 342 
work. 390 

Jones & Laughlin steel sheet piling, 242, 244 
JudsoQ powder, 131, 133 
Jute, burnt to heat pipe. 337 
gaskets, 318, 331, 336 

K 

Kansas City, Mo.; steel pipe laying, 320 
tests of sewer pipe, 298 
Kellogg, H. J : explosions in sewera, 530 
Kenaico Aqueduct, 17»ft section built in 
single operation. 420 
Kerosene for lubricating forms. 430 
Kettles for thawing dynaimte, 139 
Kieselguhr, 131 

Kimberly. A. Elliott; G-K compound joints, 
342. 343, 344 


Labor, assigoiBg tasks in hand excavation, 
68 

Canon tnnoh machine, 88, 89 
cleaning utob-basins, 610 
daaniag Mwsra, 501. 606 


Lalxir, oontract requirements,457 
cost keeping, 44, 5t) 
favoring local, 468 
flushing sewers, 497 
G-K compound joints, 344 
hand drilling. 101, 102 
inspecting sewers. 493 
laying sewer brick, 360, 367, 360 
vitrified pipe, 301, 313 
management highly important on exca¬ 
vation. 64 

mixing concrete, 377 
preliminary estimates of cost, 18 
pulling steel forms, 409 
shoveling material from trenches, 00 
soundings with punch rods, 7 
steam drilling, 108 
tamping backfilling, 309 
wash boring, 10, 13 

Lackawanna steel shoot piling, 241, 243 
Lawns, protected before excavated material 
is placed on them, 468 
Laying brick, 354, 397 

concrete in freesing weather, 391 
pipe, cast iron, 317 
large concrete, 316 
specifications, 484 
steel. 319 
subaqueous, 320 
vitrified. 291, 307 
Lead wool, 318 
Leudite. 331 

I,eakage of ground-water, gaging, 5 
inspection, 37, 348 
permissible amount, 30 
through tar-cement joints, 342, 345 
lioaves in catch-basins. 611 
Ijedge, classification, 50 
excavation, 101 

hammer drills (or shallow holes, 113 
measurements and records, 21, 38, 168 
Lehman. Albert C.; time forms are left in 
place, 431 

Length of sewers, measurement, 158 
I^ptomitua, fungus in sewers, 499 
lettering drawings for photographic reduc* 
tion, 454 
Leveling, cost. 21 

preliminary surveys, 3 
quantity surveys, 168 
Lever and plank clamp, 202 
Leyner drill sharpener. 120 
Liability insuranoe. 44 
Libby. Dana; cleaning sewera, 498 
obstructions in sewers, 495 
life belt, for men inspecting sewers, 493 
Lighting, interior of sewers feu* exaroinarion, 
6. 637 

trenches, 456 
tunneling operations, 64 
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Lime, hydrated, for making concrete imper¬ 
vious, 386 

Limestone, drilling holes in, 103 
Line and grade, given by engineer to con¬ 
tractor, 464 

transferring to sewer, 26 
Lines of excavation, 16^ 454 
Lining tunnels, 268, 412 
worn inverts, 617 
Liquidated damages, 451 

experience on Louisville sewerage work. 
169. 462 

Loading cars with vitrified pipe, 292 
drill h(4ea, 141 

wagons with vitrified pipe, 299 
Loam, angle of repose, 269 
Local contractors, favoring, 166 
workmen, favoring, 458 
Looks, air, on tunnel under preMuro, 260 
Locomotive, cranes, 98, 320 
electric, for tunneling, 64 
London, arbitration clause in contract. 440 
cast-iron lining of pneumatic tunnel, 261 
Ixw Angeles, Cal.; cement pipe joints, 333 
disintegration of mortar joints of out¬ 
fall. 369 

Louisville, Ky ; cleaning forms, 420 
concrete mixing plant, 3K0 
cost of borings on preliminary investi¬ 
gations, 14 
of concrete. 396 

and steel in sewers, 186 
of earth and rook excavation, 173 
of sewers built by contract. 169 
cross-sections of trenches, 227, 228, 229, 
230, 231, 232, 233, 235, 237 
day labor construction costs, 166 
distribution of expense of sewerage 
system, 53 

full-round wood forms, 415 
judicial decision r^arding character of 
’‘information for bidders,” 446 
la3ring concrete in cold weather, 392 
liquidated damages and bonus clauses. 
164, 452 

local contractors’ bids, 166 
metal-covered wooden forms. 404 
organisation of staff, 23 
quantity of excavation in trencbi^s, aver¬ 
age, 107 

rate of progress in placing concrete, 195, 
301. 393 

specifications, 466 
steel forms, 409, 410, 412 
steam shovri on oonsiniction, 93 
sulphur eand joints, 338 
timbering of tunnd, 255. 256 
rime forms were in place, 431 
waterproofing eiqierimante, 386 
wooden forms. 399, 401 


Low center bit, 118 
Lubrication of forms, 429 
Lumber, bUl of material for trench shoring, 
S24, 225. 226 
for wood forms, 424 
kinds used for fhoring. 239 
insses, 223 

Lump sum oontraeta. 448 
Lynn; grease in sewers, 494 

M 

MaohinM for cleaning sewers, 502 
for digging trenches, 99 
Buckeye traction ditcher, 96, 07, 199 
cost of work at Denver, 167 
cableway. 91 
Carson, 83 

Carson-Trainor bolster and con¬ 
veyor, 93 
drag scrapers. 98 
endless chain machines, 95 
excavating buckets, 08 
Potter, 90, 91 
for mixing concrete, 377 
for tamping backfilling, 311 
for testing pipe, Boynton, 295 
Brooklyn, N. Y., 208 
Iowa, 296 
Talbot. 295 

Madras, India; disintegration of concrete 
sewers, 379 

Magasines for explosives. 147 
MMntenanco, cleaning and care of catch- 
basins, 500 

cost of operation and maintenanee of 
sewerage systems. 622 
deposits in sewers, 493 
flushing sewers, 496 
importance. 401 
inspection. 492 
records, 517 

regulators and inverted siphons, 517 
removing heavy deposits from asweri, 
500 

root* from sewers, 499 
repai», 516 

Malden, MaM.; eleaniug sewers, 498 
Manchester. Eng.: tesU of pip* sewers, 345 
Manholes, brt^en brick in, 352 
castings, 488 
eonerete. forms. 420 
construction, 365 
exeavatifm for, 467 
Uopedab, lines of exeavatioB. 152 
moving covers. 516 
quantities, 366 
recording porition, 805 
reference marks for locaiiDg, 25 
i^Mwificetions, 487 
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Maourc pita for dynamite. 141 

for prtdiminary invMtigationa, 2 
atraet, 18 

Marble<^d idnthts eompound, 345 
Marafa gaa in aawera, 527 
Marahall, Oen. W. L.; waterproofing con* 
oreto, 38fi 

Marston, Prof. Anton; narrowed bottom of 
trench. 153 

pipe totting machines. 296 
Masonry tpecifioations. brick. 478 
■tone, 479 

Materials, bill of, shoring trenches. 224, 225, 
226 

bill of, full round wood forms, 418 
ehoioe for large sewers, 367 
oost keeping, 45 
from trench, use of, 371 

depositing so as to leave passages, 468 
list for preUiiiinary estimates, 18 
Maul for driving sheeting, 262 
McCracken A Co., C. T., metabcoverod 
wooden forms. 404 

McGovern, Patrick; subaqueous pipe laying, 
325 

MoKiernan*Terry Drill Co.; core drilling, 
15 

sheeting hammer, 248 
Measurements, brickwork, 351 
concrete materials, 376 
excavation, 158, 404, 467, 460, 
find, 38 

length of seweni, 158 
monthly, 39, 62 
preliminary, 38 
rook, 55 

Meem, J. C.; theory of earth pressures, 277 
timbering large tunnels, 256 
Melrose, Mms. ; cleaning sewers, 498 
Membrane method of waterproofing, 389 
Metal-^vered wooden centers. 403 
Metcalf A Eddy: classification of excavw 
tton, 58 

contractor's bond, 462 
oontraiot form, 455 
general specifications, 463 
Metcalf. Leonard; earth pressures, Concord, 
279 

Methane in sewers, 527, 533 
Metropolitan Sewerage Commianon, New 
York; grease In sewers, 494 
Metropolitan ^werage System, Boston; 
(uUng forma, 430 
rate of brick laying, 356 
^foutkem outfall eoastruetion, 326 
Mimukee. Wu.; subaqueous pipe laying, 
322 

Mirron (or examining sewer interiors, 5 
Mixing c o n spst e . hand, 374 
machine, 8fT 


Mixing ooDorete. relative cost of hand and 
machine mixing, 376 
Modulus of rupture, pipe, 298 
Monmouth, III.; asphalt joints on pipe 
sewers, 340 

Moran, H. P.; earth preMures, 380 
Morse, Howard 8.; timbering a Louisville 
tunnel, 256 

Mortar, composition for best resulte, 32, 343 
joints in pipe sewers, 331 
masonry, 353 

materials per cubic yard, 359 
on inner surface of concrete sewers, 384 
specifications, 476 

Mosquitoes, oU catch-basins to kill, 516 
Motor trucks for cleaning cateh-basint, 
510 

Mudeaps, 143 

N 

Newark, N. J.; cost of forms for aqueduct, 
426 

New Bedford, Maas.: deaths in Mwer, 540 
failure of cofferdam, 81 
subaqueous pipe laying, 325 
New Haven, Conn.; explosions in sewers, 
530 

New Orleans; percentage contract for labor 
and materials, 449 

New Rochelle, N. Y.; submerged outfall, 
323 

Newton, Mass.; obstructions in seweni and 
uoderdrains. 495 
cleaning sewers, 498, 506 
removing roots, 499 
sulphur and sand joints, 337 
tunnel in sand, 252 
underdrains, 76 

New York, N. Y.; cleaning Manhattan 
sewers, 508 

explosions in sewers, 520, 531 
general form of contract, 433 
grease in Manhattan sewers, 494 
r^ulations regarding eqilosive liquids, 
539 

Night work, 456 
Nitroglycerin, 131 

use in wet holes, 138 

Nobd and Abel; temperatures of explo* 
aions of gunpowder, 130 
North AtUebM'o. Mass.; asphalt joints In 
pipe aewers, 340 

Norton. Geo. H.; ezploaiona in sewera, 530 
Noicbea few eheeting trasobea. 223 
Notea should be initialed by a note-tdm, 

40 

note-books, 41 

Numbering elauaas in speoifioations. 466 
Nye steam vacuum pump, 71 
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Oakum (uakata, 318, 331, 339 
Obftructiozk of Mwera, deteetioa, 403 
Office work, branch record*, 305 
computation*, 40 
cost keeping, 43 
drawiage, 41 
manhole record*, 305 
mapping, 18 
profilee, 31 

Ogden, H. N.; rock excavation, 103 
Oiling form*, 429 
Oil in sewage cement* depoeits, 494 
separator, 536 

to kill mosquitoes in catchobasin*. 516 
Operation of sewerage system, cost, 522 
Orange-peel buckets, 98, 99 
Ordinance against infiammable liquids, 538 
O’Shaughnessy, M. M.; classification of 
excavation, 56 
Outf^ sewere, profiles, 14 
surveys for, 29 

Overfilling asphalt joints, 341 ■ 

cement joints, 331 
tar-cement joints. 342 
Overhead charges, recorded m eost-keeping, 
46, 49 

P 

Paraffine oil for lubricating forms, 429 
Pm-mley, Walter C.; bond in briokwork, 354 
concrete block sewera, 362 
Pavements, preserving materials, 60,466,468 
reoonstrucring, 466, 468 
records, 3, 17 
removing, 00 

replacing temporarily where settle- 
ment U anticipated, 36, 310 
Pawtucket, R. I.; cleaning oaioh-basiiui, 510 
Payments, briokwork, 479 

catcb-basinB and inlets, 487 
concrete, 482 
contract clauses, 459 
excavation. 469 
laying pipe, 486 
manholes, 488 
pflittg, 472 

reloforeement bats, 482 
shoring, 470 
vitrified pipe, 483 
Peeling, with metal forms, 407, 429 
Pensaerda, laying out/aD, 838 
Pereentage eontraots, 448 
Perottsskm driUs, 105 
Ps^latum for oiUng forms, 430 
I^hUadslphla: explosions in sewers, 530 

for measurement of sew¬ 
ers, 158 


Pbosphine, auto-oombustibls 5M 
Photographs, deiirabitlty, 48, 81 
oontraor drawings, 454 
praeerving, 43 
tdken by inspectors, 35 
Pierson, Qeo. 8.; brick and mortar raquirad 
for sewers. 357 

Piles, ouning off, under water, 831 

maintain grade of sewers in Battling 
streets, 304 
refusd in driving. 473 
speoifloations. 472 
under oast-iron outfall, 836 
under concrete pipe sewer, 317 
Pile drivers, extension leads, 336 
steam, 345 

Piling, steel i^eet, 241 
Pipe, broken, 316 
buggy, 300 

cast-iron, inspection, 81 
laying, 317, 333, 338 
speoifioations. 486 
cement, 849 
jointing, 333 
■peoifioations, 484 
concrete, 349 
laying, 316 
floating, 336 
for percuadoo drills, 107 
friction with compressed air, 134,135 
grade line defined. 464 
heating by burning jute, 337 
joints, asphalt, 339 
cement, 331 
eiay, 330 
fiiUte, 345 

flexible, 831, 323. 336 
0-K compound, 343 
joiotite, 345 
leadite, 331 
maibleoid, 345 
Stanford, 330 
subaqueous, 235, 338 
sulphur-sand, 336 
tar, 339 

tar-cement, 342 
laying, cast Iron, 817 
cost, 313 
ooet-keeping, 44 
Iowa roquiretnents, 307 
large concrete, 819 
rate of, 313 
•peeiflcatloBi, 484 
steel. 319 
subaqneous, 330 
vitrified. 391 
loealing by teet pUe, 5 
pulling into place, 838 
nword of l owttoB, 3 
eted, 819. 323. 837, 888 
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Pipe, eubequeoui, 320 
vitrified, 201 
dboounU, 202 
bafidlinc aod sorting, 290 
inspection, 203 
ioinUng, 330 
laying. 301, 433 

lengths in carload, 202 
in wagon load, 209 
sockets, 332 
spocifications, 482 
teste, 205 

when used lor sewers, 34K 
Pittsburg, Pa.; arbitration clause tn con¬ 
tract, 430 

explosions in sewers, 528 
Plank cap, 263 
clamp, 262 
lower, 217 

Plana, checking old, 5 
contract, 22, 42, 453 
mapping, 10 
record. 41 

Plant, cost keeping, 48 
selection, 382 

tendency to use tm) much, 54 
Plaster of Paris for stemming. 143 
Plastering exterior of brick sewer, 354, 
470 

Platforms, staging, 210 
under sewers, 303 
specifications, 473 
Flowing street surfaces, 59 
Plug and feathers, lOI 
Pneumatic tunneling, methods, 258 
when needed. 83 

Poling boards, trench bracing. 234 
tunneling, 2.50 

Population, records needed. 17 
Porter, Rufus K.: driving tunnel in loose 
sand, 252 
Post route maps, 2 

Potter, Alexander, sulphur and sandioints. 
337 

tar-cement joints. 341 
Prelini, Charles; explosives. 130 
methods of tunneling. 65 
Potter excavator and conveyor, 91 
bolster and conveyor, 90 
Powder, ammonia. 134 
AUas. 132 

black or gunpowder. 130 
oimtraotors’ or Judson. 131. 133 
Oiant. 132 
4 Horsley, 133 

Pr^minary investigations for sewerage 
design, 1 
Add work. 3 
maps, 3 

office wofk preliminary to draign. 18 


Preliminary, organisation of engineering de¬ 
partment for construction, 22 
pressures, earth, 271 
Pnming dynamite cartridges, 142 
Printing contracts and specifications, 455 
Prismoidal formula. 158 
Profiles, brick-laying, 355, 396, 397 
for payments, 38 
information to be shown on, 21 
preliminary surveys, 4, 17 
record, 42 

Rochester outfall sewer, 14 
progress, brick sewer masonry, 360 
contract requirements, 457 
effect on costs, 54 
keeping records, 51 

length of centers affects rate of progress, 

409 

pipe-laying, 313 

placing concrete, 393, 399, 401, 406, 

410 

rates attained in building sewers. 196 
Property lines, records, 3 
Proposal, form for, 442 
Proske. T. H ; sharpening drill bits, 116 
Providence, R. I.; cleaning catch-basins, 

512, 513 

sewer cleaning tools, 607 
Puddling backfilling, 309. 311 
Pulling pipe, 328 
sheeting, 239 

steel sheet piling. 246. 247 
Pulsator for electric-air drill. UO 
Pulsometer. 70 
Pumps, centrifugal, 68 
diaphragm, 67 
reciprocating, 69 
sand, on wash drill rod, 13 
steam vacuum, 69 
Emerson, 72 
Nye. 71 

pulsometer, 70 
Pumping, specifications, 471 
Punch boring, 6 

Q 

Quantities, alteration of, in contract, 458 
brickwork, 351, 357 
concrete, 872 
trench excavation, 153 
Quartiite. drUIiog 115 
Quicksand, 276 

bottom work in tttmehes in, 302. 303 
sheeting trenches in. 81 
Quincy, Mass.; cleaning sewers, 499, 505 

R 


Rags in sewers, 495 
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Ratli. guard, 220 
Rulways, induttrial. 370 
•troet, location reoordB, 3 
Rainfal!. effect on trenohea, 270 
records needed, 18 

Rammers for tamping backfilling, 300 
Rangers, 214 
bracing, 216 

difficult to hold against steel aheot 
piles, 246 
length, 216 
placing, 215, 226, 265 
quantity required, 222. 225 
sise, 210, 222, 281, 286 
times used, 224 

Rankine, W. J. M.; earth pressures, 280 
formula for earth premures, 271 
Rate of pr^ress on oonstruotion, 105 
brick sewer masonry, 360 
contract requirements, 457 
effect on costs, 54 
keeping records, 51 

length of centers affects rate of prog* 
ress, 406 
pipe-laying, 313 

placing concrete, 303.306,401,406,410 
rates attained in building sewers, 105 
Reaming edge of drill bit, 116 
Reciprocating drills, 105 
pumps, 00 
Records, borings, 17 
branches, 305 
drawings, 41 
manholes, 305 
preliminary survey, 3 
sewerage system, Boston Society, 617 
taken during sewer construction, 40 
vitrified pipe receipts, 205 
Reference marks, for trenches, 25 
Refilling trench below pipe, 467, 408 
Regulations against discharge of inflamma¬ 
ble liquids into sewers. 538 
Regulators, inspection, 401, 517 
Reinforoement, placing, 384, 406 
specifications, billet^teel, 475 
rail steel, 477 
placing, 482 
Rendrt^k, 1S2 
Repoee, angle of. 268 
Repairs, by maintenance force, 516 
eontraetor’s responsibility, 460 
lUchards, E. P,; dirintegration of concrete 
Mwers, 370 

Rivers, data furnished by preliminary invee- 
tij^tions, 5, 17 
surveying aeroes, 29 
subaqueous pipe laying. 321 
Roeheeter, N. Y.: profile of outfall sewer, 14 
wash borings, 12 
Rook, excavation defined, 55, 467 


Rook, from trench used in concicte, 371 
handling in trenches, 127 
backfilling, 128, 310. 471 
lines of excavation, 152 
measurement, 138 
steps, cost. 161. 70, 268 
stripiung, 468 

Rods, copper spoon, lor unloading blast 
holes, 144 

for determining grades nf sewers, 4 

leveling, 3 

sewer cleaning, 507 

sounding, for ascertaininf soil charac¬ 
teristics, 6 

transferring grades in trenches, 28 
Rolling backfilling, 310 
Roots, in sewers, 332, 405, 400 
in underdrains, 75, 405 
removing, 499, 501 
Rope, hook, 300, 353 
Rosette bit, 119 
Ross, C W.; root cutter, 409 
Rotary drills, 15, 105 
Hound edge bit, IlH 
Hubble concrete, 481 
masonry. 480 
Hun-off, records desired, 5 
Hupture, modulus of pipe, 268 

S 

Ralem, Maas ; subaqueous outfall. 324 
Halt in water for concrete, 303 
San Francisco, Cal.; classification of excava¬ 
tion, 56 

Sand, angle of repose, 200 
deposits in sewers, 405 
detormioatloD of organic matter, 33 
fine, for waterproofing concrete, 386 
inspection, 32 
pump on wash-drill rod, 13 
qualities desired for m<Htar, 32, 353 
running or quicksand, 276 
sharp, 353 

shoring trenches in, 267 
spoeifioations, 474 

sulphur and sand jointiof mixiutas, 
336, 338 

using, from trench, 371 
voids. 372 
washing, 371 

Sanitary oonvenienoM on work. 456 
Saunders. W. L.; explosives, 130, 135 
Scale, mill, Mmoval, 34 
Seales. Geological Survey maps, 2 
Post Office mi^M, 2 
record drawings, 42 
underground structures map, IS 
topographic maps, 20 
Schist, drilling holss In, 103 
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Sercaton, Pa.; m*|) af underground »truc- 
ttt^i 19- *' 

Borapera, dng. eoei of exeavation, 161 
« for trenflh worti. 96 
aewar, 601 

wheel, ooel of excavation. 161 
SoraedingtBveni. 384, 396, 300 
Bereenlngs, in aortar, 353 
Sedimeatotion, acid ueed to hasten, 11 
Beparatore. gaeoline, 566 
Settlement of ground and buildings, cause 
and prevention, 79 
inapeotor should guard against, 34 
instaacee, 329, 230. 304 
Sewere, brick. 349 

choice of materials, 348. 367, 414 
oleaping, 501 
concrete, 367 
• block, 362 

oooitruotion in narrow alley. 378 
coat of operation and maintenance, 522 
deposits. 493 

examination of. 5. 17, 492 
dangers of, 492 
explosions in, 492 * 
flushing, 496 
grades, 26. 41 

investment in American cities in, 49} 
Joints in pipe, 330 
length, measurement, 158 
obetrutfUoDB, 462 

outfall, 322,323, 324.325. 326. 327, 328 
pipe, construction, 291, 330 
rates of progress, in building, 195 
smoothing inner surfaces, 335, 384 
transferring line and grade. 26 
vitrified block, 361 
waterproofing. 385 
Sbafta. tannel. 64 

Bhala, exeavaUon by steam shovels, 100 
Sharp, quality in some sands, 358 
Sheating. bevd edges, 219, 240 
box, 233 
cUShp. 362 

depth relative to bottom of trench, 217 
driving, 317, 341. 248 
excavating below rad. 217 
for wet trenchea, 79 
horiiontal, 338 
JetOng, 838 
length, 330 
lumber. 389 * 
amouat.raqttired, 333 
^ neeaiei^ lor, 314 
Botebea, 8SS 
poling boards, 334 
pulfiag, 380 

removal, inspeeliMi during, 36 

Aele(oa,837 

ipeeiftentiQ«ifdiN 


Sheeting, thickness. 286 
times ueed, 223 
vertical, 215 
widtbe, 240. 263 
Sheet piling, steel, 241 
driving, 247, 248 
pulling, 246, 247, 248 
ueed for deep trench in water, 326 
Shield tunneling, 258 
Shoring, box sheeting. 232 

neocMity in trenching, 214 
poling boarcb, 234 
practical suggeerions, 264 
requirements of different materials. 267 
skeleton sheeting, 237 
speoifioatioiu, 469 
stay bracing. 236 
tunnels, 261 
vertical sheeting, 218 
Shot drills, 16 

Shoulders in bottom of trench, 153 
Shoveling from trenebee, 60 
staging-platforms, 219 
Shovels, steam, 93 

o<Mt of excavation, 160 
Sidewiak,, keeping panagee clear during 
’ excavation, 468 
speeifioations, 488 

Siphons, inverted; inspection, 461, 617 
Skeleton sheering, 237 

Sieves, round holes corresponding to square 
meshes, 32. 33 
Simmons bit, 118 

Snelling, Dr. Waiter 0.; selection of explo¬ 
sives, 136 

Snow, F. Herbert; stoppages in sewers, 498 
Soap and alum for making concrete imper¬ 
vious, 386 
used on forms, 430 
Sockets, Coffin's study of shape. 836 
Soil, adhesion, 270 

angle of repose, 268 
calculation of preasures, 271 
changes in character, 270 
cohesion, 269 

investigations of character, 6 
records of character, 40 
Sounding with rods to aeoerUin eoU charae- 
terUries, 6 

South Bend. Ind.. cost of centers, 426 
Spacing drill holes, 103, 106 
Spedfioarions, absorption ^ vluified pipe, 
396 

tH^w hftlHng , 471 

bearing strength of vitrified pipe. 397 
bUlet steel reiaforeenMBt bars, 476 
bituminous Joints for pipe sewew^ 841 
blasting. 470 
oasrings, 478 
eateh-badn, 487 
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Spedfioationa, eemeni, 478 
pipe, 484 

okeami forms, 488 

ooBorete, plftio end reioforced. 480 

eurbioc, fut^n end eidewBlki, 488 

eer^ esoavftUoa. meesurement, 168 

engiBeer's rulings govern, 469 

esoBVB^on, 467 

foundBtions, 473 

fenersl, 463 

iniete, 487 

leying OMt-iron pipe, 486 
vitrified pipe, 484 
length of eewere, 168 
menholee, 487 
masonry, briek, 478 
stone, 479 
mortar, 475 
piling, 472 

pipe Uying. 307. 484, 486 
sewers, 846 
vitrified, 482 

preparation of, 22, 435, 406 
printing, 456, 483, 466 
pumping, bailing and draining, 471 
rail steel reinfMxement bars, 477 
rrinforeemmit, 476, 477 
shoring, 469 

•teei reinforcement, 476, 477 
technical, 466 
tunneiing, 469 
wellfaolee, 487 

cleaning drill holes, 105 
CK^per, for unloading blast holes, 144 
Sprague, N. S.. Jr.; exploetons in sewers, 627 
Springfield, Mass.; cleaning sewers, 490 
liqdng steel pipe, 819 
' Square cross bit, 118 
8t. Louis, Mo.; cableway used on sewer 
trenches, 98 

orushimi rook from trench for eonciete, 
371 

soundings in earth, shale and hardpan, 
7 

steel pipe laying, 320 

Stadia, use on surveys of outfall eewert, 80 
Staging platforms, 219 
Statistics of sewerage systems, form, 618 
Stay bracing, 236 

Steam, cleaning drill holes with, 148 
drills. 105 
hammers, 846 
sbovds, 03 

oort of excavation by, 160 
thawing StMen grouBd, 69 
vacuum pumps, 69 
fitteeit.eei^orclns. inspection, 33 
plaebig, 384 
^weifieations, 462 

Quantity and eoet, LouisidiW sewers, 186 


Steel, sheet jdUng. Ml 

speoifloaSons, biUetHKed, 473 
rail steel, 477 

Btemmlng for blast hciea, 143 « 

Stem, Eugene W.; earth p^EBures, 381 
Stozre, crushed, iiMqreetion, 33 
specifications, 474 * 

m^nry, speeifleation, 479 • 

Stottite, 133 
Htoping drill, 113 
Stoppage of sewers, detection, 483 
Stoppere for branches, 307 
Storage, excavated material, 463 
pipe. 299 

Street railways, records of location, 3 
Streets, looseoiog surface, 69 
maps, 3 

passages to be left during escavatloiiM 
468 * 

pavements, preservitkg nrstsriids, 60, 
466. 468 

rSoorrstnioting, 466, 4M 
records, 3,17 
removing, 60 

replaciof tei^porsrily, 36. 810 
records of sections, 4 
Subaqueous pipe laying. 331 
rook excavation, 321, 338 
Sulky derricks, 3l7 

Sullivan Machinery Co.; core drilling, 16, 
16 

Stdpfaur<«and mixtures, 386 
Bumps in trenches, 78 
Supervision, 30 
cost, 62 

Supplies, cost keeping. 60 

Surety, interest in changes hr eontraet, 486 

Surveys, character of 6 

gradM for excavation of areas, 89,38,30 
note-book for staktog <mt sswsr gmdss, 
41 

preliminary, 3 

quantity, 168 ^ 

sewers. 26 , 

Sylvester waterproofing proeess, 886 
Syraoum. N. Y.; laying large eonceeU pipe, 
816 

T 

Tiawi, A. N.i pip* »**U3 ibmUm. »» 
Tamping Mast holes, 148* 
baekflUing. 301. 309,811 
■pedflonriona, 471 
Tappet valve for drills, 106 
Tar binds deposlta in sswera, tf4 
lolnts in p4>e sewers, 389 
Tar-eefneBt jointa hs iewefs, 8tt 
Taylor, Alexaodm, 3.; tampini bMUBfac 
by macihlM, 812 
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Tftylor A: Thompson; materials for stroog 
ooQorete, 374 

proportions for strong eonorete, 374 
quaotitiea of sand, stone and cement, 
373 

salt in water for oonorete, 303 
Team insurance, 444 

Temperature of explosions of powder, 130 
Tempering bits, 110 

Templates for screedtng inverts, 383, 306 
Tests, brick, 351 
cement, 473 
density of concrete, 373 
general principles of specifying, 348 
iron castings, 478 
pipe sewers, 345 
reinforcing steel, 476, 477 
vitrified pipe, 295 
Thawing, dynamite, 130 
Thompson sewer oleaning machine, 503 
Thomson, T. Kenuard; earth pressures, 280 
Timber, bill of materials for shoring, 224, 
225, 226 

bill of materials full^round forms, 418 
for wood forms, 424 
kinds used for shoring, 239 
losses, 223 

Timbering tunnels, 249, 264 
Time forms should be in place, 430 
Toad'Stoois in sowers, 405 
TcKds for cleaning sewers, 507 
cost keeping, 48 

sheeting, bracing and timbering, 261 
Topogr^hy, map of Cincinnati, 20 
preliminary surveys, 4, 21 
Tow!»end, A. C.; grease in sewers, 404 
Tracings, care of, 42 
Transportation, concrete, 379, 381 
explosives, 147 
vitrified pipe. 292 
Trap, gaaedine, 536 

rook, drilling holes in, 103 
Treatment worka, laying out, 29 
xneaaurement of excavation, 39 
Trenches, bottom narrowed. 153, 302 
backfilling, 309 
blasting in. 160 
coet, 151 

casting material from, 60 
changes in rides on exposure, 270 
cross sections. Hopedaie, 152 
Louisville, 237 to 237 
depth at Lotuaville, 178, 201 
^ where machine exoavatiem becomes 
advisable, 82 

where tunneling it preferable, 62 
difflevdties in aofi bottoms, 303 
draining, 67, 303 

exeavatioA boiftv pipe in rook cut. 56. 

138,101 


Trenches, hand excavation in bottom where 
machines are used, 99, 467 
laying out, 25 
length opened, 467 
with concrete sewers, 383 
lighting and guarding, 456 
materials from, in oonorete, 371 
machines for excavating, 83 
must be dry for cement jointing, 75, 
332, 486 

no odheeion between backfilling and 
bank, 270 
puddling. 309 
refilling below pipe, 467 
rolling backfilling, 310, 311 
sitnping bottom, 301, 307 
specification, 485 

sheeting below underground structures, 
236 

depth to be driven, 217 
different methods, 214, 264 
for steam shovel work, 94 
in different materials, 267 
on curves, 238 
pressures, 271 
quicksand, 81, 276 
rock cuts, 268 
wet trenches, 79 
spacing blast hedes, 106 
specifications, 467 
starting work, 59 
steam drills in, 107 
width, affected by material, 151 
for machine excavation, 82 
Trestles, subaqueous pipe layiiM[, 322 
Triangulation. cost, 21 
purpose. 3 

Troughs, concrete, 381, 382 
Tunoeis, cost in different materials, 63, 196 
drill mountings, 108, 113 
effect of fumes from explosives, 137 
handling materials, 64 
in sand and gravel, 252 
lighting, 64 
lining, 67, 258 
forms, 412 
inspection, 36 
where used, 61 
pneumatic work. 63, 258 
rate of progress, 196 
riiafts, 64 

steam drills used on short tunnels, 110 
timbering, 349 
ventUating, 64 
Turbine sewer cleaner, 503 

V 

Underdrains. 75 

grading material anmnd, 77 
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UiulndndnB, aiae, 7t, 802 
qMolfioaticMBi, 471 
Uaderfroaiid ■urr^^ m*iM of, 18 
Mvezt, 6 
h aoU, 8 

prioWi advabtaEM in Kick and earth 
trenohee, fi7 
ooatraots baaed on, 446 
Unloading dynamite from holea, 144 
U. B. Geological Survey mapa, 2 
U. 8. eteel sheet piling. 242. 244 
U. 8. Weather Bureau records, 18 

V 

Vidves for peroiiMioa drills, 106 
Vanoouver, B. C.; pulling pipe into place, 
328 

Velocitiea to prevent solids settling. 500 
Ventilation, tunnels, 64 
Vertioid sheeting for trenches, 218 
VIgorite powder, 133 
Vitrified brick, speoifioatlons, 470 
Voids in sand and gravel, 372 
Vulcan sheeting hammer, 248 
Videaoite powder, 133 

W 

Wagon4oad ol pipe, 200 
Wall* John Cassan; arbitration clauses in 
oontraots, 437 
eesentials of a contract, 434 
Waite. Henry M.. ti^rographie m^is, 20 
* underground survey of Cincinnati, 2 
Walimi boarcU. in tunneling, 295 
Walsdl, England; sewer cleaner, 500 
WiUtham, Mass.; flushing sewers. 407 
obstructions of seirors. 496 
Warrington steam hammer, 248 
Wash boring, acid used to hasten precipita* 
tion of sanipies, 11 

N. Y. CommiseioD on Additional Water 
Supply, 10 

U. B. QeoU^cal Survey, 6 
Washing brick sewers with cement, 365 
concrete before roiuming laying, 891 
sand and gravel, 871 

Washington, D. C.; cleaning and oiling 
eat«h<^aaiBs, 616 

wdinutee against laflamRudde liquids, 
538 

Wastes, iaduatrial, ragnlations regardiiig 

diachargi, 4M 
Watchmen, 466 

Water, eonsunption, reoords, 18 
• effeet on coberfoa of earth, 260 
for sewers, 407 

in drill bolss. 138.142 


Water, leakage Into gswers. gaging. 5 
inspeotion, 37. 348 
permissible amount, 36 
through tar>cement ioints, 342,846 
Water iet, cleaning dredged trench, 824 
drilling riga, 8 
driving sheeting. 238 
loosening material for suction dredge, 
325 

sheeting. 35 

lowering submerged pipe, 321 
Waterbury. Conn ; eoit of wood forms, 426 
Waterproofing. 385 

Watson. Hugh 8.; leakage in pipe sewers, 
345 

Weber Co.; wooden forms for large concrete 
sewer, 401 

Webster. Geo. 8.*, explosions in sowers, 
530 

Wedges for quarrying by plug and feathers, 
101 

Wellholes, spedfiratioDS. 487 
Wells. Jetting apparatus and methods, 9 
Wemlinger steel sheet i^ini, 243, 245 
Westiioro, Mass.; fungus in sewers, 499 
Wetherbee, Geobitc A.; cleaning sewers, 498 
Wheelbarrows for concrete, 379 
Wheel scrapers, e<wt of eicavatimi, 161 
Williarot, Frank C.: fulloround wood forms, 
415 

sections of Louisville trenches, 227 
Williams, WiUtaro F.; submeigfd outfall at 
New Bedford, 325 

Wiimingtott, Del.; tam(dng backfillini by 
machinery, 311 

Windows In sheeting trencher 228 
Wing dams, 321 

Winston, N. C.; sewer cleaning, 501 
Wiring, blasting holes, 146 
Wooden forms for sewers, 397, 899 
metal-coversd, 403 

Worcester, Mass.; absorption teste of sewer 
brick, 352 

air looks of pneumatic tunnel, 259. 260 
cleaning oateb^Mudns, 512 
■ewers, 608 

cost of operation and msinteaanee of 
sewerage sysism, 522 
of wood forms, 426, 426 
ebetric tunasl loeomotive, 64 
esperienoe with Carton tmeh ina> 
okinH, 89 

rseording ioeation of msehelss mhI 
bnuiebes, 805 

rock tunnel with earth toot, 2fi0 
tunnel in hard clay, 251 
use of drill titarpmera. 120 
wooden Uoing cd paeuaatie tanoti. 266 
Work, abandoned, 458 
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